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Disclaimer
This manual has been reviewed and approved for publication by the Office of Ground Water and Drinking Water,
the Office of Research and Devel opment and the 10 EPA Regional Offices. The mention of commercial products
does not constitute endorsement by the U.S. Environmental Protection Agency.

This manual applies specifically to activities conducted by the U.S. EPA. States that adopt this manual must make
appropriate changes so the language applies accurately to their State certification programs.

Regulatory changes made subsequently to the publication of this manual take precedence over this manual.
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Preface

Since 1978, the U. S. Environmental Protection Agency (EPA) has implemented a certification program for
laboratories performing drinking water analysesfor compliance with regulationsissued pursuant to the Safe Drinking
Water Act. Theselaboratoriesinclude EPA Regional laboratories, certain Federal laboratories, |aboratorieson Indian
lands, principal State laboratories in primacy States, and drinking water |aboratories in non-primacy States. The
elements described in this manual arerequired for EPA programs. Only those elementswhich arein the drinking
water regulations are mandatory for the States. However, in order to provide consistency in how the program is
implemented across the country, the States are encouraged to comply with all requirementsin this manual.

Thisdocument isthe fourth edition of the manual, describing the program’simplementation procedures and technical
criteria. It supersedesthe Manual for the Certification of L aboratories Analyzing Drinking Water, EPA-570/9-90-008
(April 1990) and Changes 1 (October 1991) and 2 (September 1992). The effective date of thismanual issix months
from the date of publication.

Thisrevision was necessary to: 1) address the reorganization in the EPA Offices; 2) provide more consistency in the
way the program is implemented; 3) address the increased complexity of the revised drinking water regulations; 4)
clarify Regional responsibilities concerning State laboratory certification programs; 5) describe the length of time a
laboratory can be "provisionally certified"; 6) define "interim" certification; and 7) improve feedback to EPA on how
laboratories perform on aroutine basis. This edition resulted from an ongoing review of the laboratory certification
program. ltsgoal istoimproveimplementation of the SDWA in light of newly approved methodol ogy and additional
experience with the program.

This document was prepared by a committee chaired by the EPA's Office of Ground Water and Drinking Water
(OGWDW) with participation of theNational Exposure Research Laboratoriesin Cincinnati (NERL-Ci) and LasVegas
(NERL-LV) and representatives from the ten U.S. EPA Regions and from the States.

Like previous editions, thisedition isin loose-leaf format which will allow the EPA to update it more easily. Holders
of this manual should check with the EPA Region or the State Certification Officers to make sure their manual is
current. Additional copies of this manual may be obtained from the U.S. EPA, OGWDW, 26 W M.L. King Dr.,
Cincinnati, OH, 45268, fax number 513.569.7191. Copies may also be obtained by calling the Safe Drinking Water
Hotline at 800.426.4791. The manual is posted on the Internet at www.epa.gov/OGWDW)/pubs.html.

To ensure uniformity in the application of the certification program in all the Regions, internal policy requires EPA
to use the certification criteria in this manual for evaluating all public, commercia and State drinking water
laboratoriesthat it certifies. For the purposes of this document, public laboratoriesinclude county, municipal, utility,
and Federal. The Agency must also use this manual to determine the adequacy of State certification programs for
drinking water laboratories. States are encouraged to use the criteriain this manual to evaluate al laboratories that
they certify.

This manual usestheterms'shall" and "must" interchangeably to refer to elementsthat arerequired by the National
Primary Drinking Water Regulations or the approved drinking water methods. These terms are also used for items
required by EPA policy or which have universal agreement. The term "should” refers to items that EPA highly
recommends.
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Chapter |
Introduction

Public water systems serving at least 25 persons or having at least 15 service connections must comply with the Safe
Drinking Water Act (SDWA) and the requirements of the National Primary Drinking Water Regul ations (NPDWR)
(40 CFR 141). Section 1401(1)(D) of the Act defines a National Primary Drinking Water Regulation to include
"criteriaand procedures. . . [for] quality control and testing proceduresto insure compliance. . ." 40 CFR 142 sets
implementation reguirements.

Theregulationsgoverning primacy at 40 CFR 142.10(b)(4) requirea State that has primary enforcement responsibility
(primacy) to have laboratory facilities available (the Principal State Laboratory) which have been certified by EPA.
In addition, the regulations governing certification (40 CFR 141.28) require that all testing for compliance purposes
be performed by |aboratories certified by the State or by EPA except that turbidity, free chlorineresidual, temperature,
and pH may be performed by anyone acceptable to the State. Thismanual isintended to assist EPA in implementing
40 CFR 142.10(b)(4) by specifying criteria and procedures for certifying principal State laboratories. States with
primacy may also choose to use equivalent criteria and procedures similar to those in this manual for their own
certification programs.

To obtain and maintain primacy, a State must comply with 40 CFR 142.10, which includesthe following provisions:

The establishment and maintenance of a State program for the certification of laboratories
conducting analytical measurements of drinking water contaminants pursuant to the regquirements
of the State primary drinking water regulationsincluding the designation by the State of alaboratory
officer, or officers, certified by the Administrator, as the official(s) responsible for the State's
certification program. The requirements of this paragraph may be waived by the Administrator for
any State where all analytical measurements required by the State's primary drinking water
regul ationsare conducted at |aboratories operated by the State and certified by the Agency. (40 CFR
142.10(b)(3)(i))

Assurance of the availability to the State of laboratory facilities certified by the Administrator and
capable of performing analytical measurements of all contaminants specified in the State primary
drinking water regulations .. . . (40 CFR 142.10(b)(4)).

Reference to the Administrator of EPA also refersto hisor her designee.

The EPA laboratory certification program extends to its Regional laboratories, laboratories on Federal Indian Lands,
principal State laboratoriesin primacy States, and laboratories that perform analyses under the Safe Drinking Water
Act in Stateswithout primacy. If all analysesare not performed in principal State laboratories, primacy States must
have a certification program for certifying other drinking water laboratories.

EPA's National Exposure Research Laboratory in Cincinnati, Ohio (NERL-Ci), is responsible for determining the
certification status for EPA Regional laboratoriesin microbiology and chemistry. The National Exposure Research
Laboratory in Las Vegas (NERL-LV) has this responsibility for radiochemistry. Regional certification officers are
responsible for the certification of the principal State laboratory in each primacy State and are also responsible for
certifying all laboratories on Federal Indian Lands and in non-primacy States. Primacy States with certification
programsareresponsiblefor certifying theother drinking water laboratoriesin their State, (i.e., laboratoriesother than
the principal State Laboratory).

Regional laboratories must successfully analyzeaset of performance eval uation samples (PES) at least annually for all
regulated contaminants for which they wish to be certified and pass an on-site evaluation at least every three years.

-1



At least annually, Principal State laboratories must successfully analyze a complete set of unknown performance
eval uation (PE) samplesfrom a source acceptable to the Region for the contaminantsincluded in theregul ationswhich
the State has adopted, and pass an on-site evaluation every three years. For radiochemistry certification, satisfactory
performance on additional PEsmay also berequired. EPA policy requiresthe useof thecriteriain thismanual for the
on-site audits of the Regional and principal State laboratories.

Chapter |1 describes the responsibilities of each of the parties involved in the certification program. Chapter 111
describes how the program operates. Chapters1V, V and VI cover thetechnical criteriato be used during the on-site
evaluation of alaboratory for chemistry, microbiol ogy, and radiochemistry, respectively. Optional audit formsarealso
included in Chapters |V, V and VI. The appendicesincludethefollowing: arecommended protocol and format for
conducting on-sitelaboratory eval uations, which may be used by thelaboratory auditors; frequently used abbreviations
and definitions, EPA'spolicy on third-party auditors; alist of contaminantsa principal Statelaboratory must havethe
capability to analyze; alist of contaminantsin proposed rules; alist of unregulated chemicals for which systems must
monitor under 81445 of the Safe Drinking Water Act; optional record keeping and data audit procedures; and
recommended chain-of-custody procedures to be used if necessary.



Chapter 11
Responsibilities

The success of thelaboratory certification program depends upon cooperation among the organi zations responsible for
itsimplementation. Within the Agency, responsibilitiesfor |aboratory certification are shared by the Office of Ground
Water and Drinking Water (OGWDW), the Office of Research and Development (ORD), and the Regional Offices.

Office of Ground Water and Drinking Water (OGWDW) and Office of Research and

Development (ORD)

OGWDW and ORD share the responsihility for devel oping and implementing the national certification program for

laboratories that analyze drinking water samples and for implementing the Safe Drinking Water Act. These

responsibilities include the following:

¢ Propose and promulgate regul ations,

e Assessnational laboratory capacity and capability;

¢ ReviewtheEPA Regional certification programsannually and eval uate the resources and personnel available
in each EPA Region to carry out the certification program;

Develop guidance and respond to questions and comments;

Develop technical and administrative certification criteria to support future regulations;

Assess the capacity and capability of the EPA Regional laboratories;

Revise this manual when necessary;

Conduct triennial on-site audits of each Regional |aboratory for chemistry and microbiology and principal

State laboratories for radiochemistry (if requested by the Region);

e Prepare and distribute performance eval uation (PE) samples (Water Supply Studies) for regulated chemical,
microbiological and radiological contaminants semiannually and eval uate and distribute the results of these
studies;

¢ Develop and participate in training courses to support the certification program;

e Provide technical assistanceto EPA and the States;

e Develop and evaluate methods for the analysis of drinking water contaminants.

NERL-LV isthelead organization for managing the certification program for laboratories performing radiochemical
analyses. Attherequest of aRegion, NERL-LV isresponsiblefor conducting triennial on-siteauditsof principal State
laboratory systems for radiochemistry. In these cases, NERL-LV must report the results of its on-site audits to the
responsible Regional certification authority, who has the final authority to determine certification status.

EPA Regions
The Regions oversee the certification programsin the States. The Regions responsibilities are;

¢ Deerminethe certification status for the principal State laboratory system in each primacy State;

e CoordinateNERL water supply performanceeval uation studieswith laboratoriesin the Region (someRegions
have delegated this responsibility to the States);

e Perform an annual review of State certification programsand performance eval uation resultsand monitor the
adequacy of State programs for certifying laboratories, as described in Chapter 111;

e Providetechnical assistanceto the States EPA-certified drinking water |aboratories, as needed;

e Managethecertification programfor drinking water |aboratoriesin non-primacy Statesand on Federal Indian
lands using the criteriain this manual.

Thislast duty may be performed by the State, but the Region must retain responsibility for the on-site evaluation of

the designated principal State laboratory. Drinking water laboratories may be evaluated by the Region, or under a
Region-approved program carried out by adesignated State program. In either case, this manual must bethe basisfor

-1



theon-siteaudits, conducted by EPA, of principal Statelaboratories, |aboratorieson Federal Indian lands, and drinking
water laboratoriesin non-primacy States.

The Regional laboratory should maintain certification for as many regulated contaminants as its resources permit. It
enhances both EPA's technical assistance capabilities and credibility with those it certifies. It also ensures the
laboratory capability to analyze samples for possible enforcement actions and for States which do not have primacy.
Reciprocal agreements with other regions to share scarce resources may be needed.

Primacy States
Primacy States are required to establish and maintain a State program for the certification of laboratories conducting
analyses of drinking water compliance samples, unless al compliance samples are analyzed in the State |aboratory.

The States must designate a certification officer or officers, certified by the EPA administrator or hisor her designee
as the person responsible for the certification program.

States are responsible for the certification of the public and private laboratoriesin their State. Thisincludes auditing

thelaboratoriesand reviewing the PE data. Statesshould also providetechnical assistanceto laboratories. They may
also choose to certify laboratories outside their State either by an on-site evaluation or reciprocity.
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Chapter 111
I mplementation

Evaluation of Certification Programs

The Regions and OGWDW should monitor the certification programs under their purview annually. The adequacy
of programs for certifying laboratories is evaluated by assessing each program's scope, staffing, resources, palicy,
procedures, and effectiveness. This should be done in person during an on-site audit when possible and at least by
means of a questionnaire in the other years. The adequacy of these essential program elements is evaluated by:

¢ Reviewing the program's plan , responsibilities, organizational structure, staff (including educational
background and experience), scope and description of the certification process, downgrading criteria and
processes, and use of PE samples;

¢ Reguestingan annual program report that i ncludesprogram highlights, training, continuing education efforts,
number of on-site evaluations performed, listing of laboratories certified by discipline or contaminant, and
any certification downgrading or upgrading actions along with reasons for those actions;

¢  Observingon-siteauditsof drinkingwater laboratoriestoallow EPA Regional certification officerstoeval uate
specific elements of the State certification program;

e Encouraging State and Regional laboratory auditors to observe on-site audits of their own and other
|aboratories as on-the-job training;

e Sponsoring annual meetings of certification officers to discuss program issues, policies, and problems. Key
Regional, NERL, and OGWDW and State personnel should be invited to participate.

Requirementsfor Certification of Laboratories

In order to be dligibleto analyze compliance samplesunder the Safe Drinking Water Act, Regional and Principal State
|aboratoriesshould meet the minimum criteriaspecified in thismanual, should passan on-siteaudit at |east onceevery
threeyears, and for chemistry must satisfactorily analyze a set of PE samplesor other unknown test samplesannually.
EPA policy alsorequiresthat microbiol ogy and radiochemistry laboratories al so successfully analyze PE samples. For
those laboratories certified for radiochemistry, satisfactory performance on additional PE samples may also be
necessary.

Individual(s) Responsible for the Certification Program

NERL (Ci) and NERL (LV) areresponsible for certifying the regional laboratories, the Regions are responsible for
certifying their state laboratories, and the States are responsible for certifying private laboratories.

The certification program personnd in each Region should consist of the certification authority(s) (CA), the
certification program manager(s), and a certification team comprised of certification officers (CO) and technical
experts. Additional third party auditors and experts may be used. However, third parties must have no authority for
certification decisions. Third party auditing is discussed in Appendix D.

TheCertification Authority (CA) isthe person who has signature authority for al certification decisions. Thisisthe
Director, NERL-Ci and NERL-LV and in the Regions, it is the Regional Administrator. The CA may delegate this
authority to alower level.

Each EPA Regional Administrator or designee should appoint, by memo, an individual to manage the drinking water
laboratory certification activities in that Region. This person is the Certification Program Manager. This
individual (s) should beexperienced in quality assurance, hold at |east abachel or's degree or have equivalent experience
in either microbiology, chemistry, radiochemistry or ardated field and have sufficient administrative and technical
stature to be considered a peer of the directors of the laboratories being audited. It is the responsibility of the
certification program manager to assurethat the Regional certification program meetstherequirementsof thismanual .
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40 CFR 142.10(b)(3)(i) requires Primacy States to designate a person certified by the Administrator as the official
responsible for the State's certification program. This person would be the State certification authority.

On-Site Laboratory Audit Team

The certification program manager should establish one or more teams of certification officers and auditors to audit
laboratories. It isthe responsibility of these teams to perform the on-site laboratory audits, review the laboratory PE
data and make recommendations to the CA concerning the certification status of the laboratories.

Team members should be experienced professionals, hold at least a bachelor's degree or equivalent
education/experience in the discipline (chemistry, radiochemistry, microbiology or a related field) for which they
certify, and have recent laboratory experience.

Team members should also have experience in laboratory evaluation and quality assurance, be familiar with the
drinking water regulations and data reduction and reporting techniques, be technically conversant with the analytical
techniques being evaluated and be able to communicate effectively, both orally and in writing.

Theon-siteteam should include at | east one CO knowl edgeabl ein each areabeing audited (e.g., inorganic and organic
chemistry, radiochemistry and microbiol ogy). EPA policy requires COsto successfully compl ete the appropriate EPA
laboratory certification course.

State certification programs may employ third party auditors who have passed the EPA certification officers training
course(see Appendix D) and meet all thequalificationslisted above. Although thesethird partiesmay beused toassist
the State certification officers, they may not make final certification decisions. These decisionsrest with the State.

In areas where experience does not exist within the certification team (e.g., asbestos), outside expert assistance may
be obtained in the needed areasto assist the on-siteteam. Outside expertswho have not attended the EPA certification
officer training must be accompanied by a certification officer. When using third party experts, it iscritical to avoid
conflictsof interest. A third party auditor who in any way stands to benefit by the certification status of the laboratory
audited may not be used.

Plansfor Certification of Laboratories
The certification authority should develop plans for certifying drinking water laboratories under her/his authority.
Written plans should include the following:

Documentation of certification authority and certification officers and their education/experience;
Schedules of laboratories to be audited;

Specific types of analyses to be examined;

Protocol to be followed,;

Strategy for assessing laboratory performance (e.g., PES, data audits, €tc.);

Plans for providing technical assistance to laboratories which need upgrading.

Principal State Laboratories

To receive and retain primacy, the State must have the availability of laboratory facilities certified by the EPA and
capabl e of performing analytical measurementsfor all the contaminants specified in the State Primary Drinking Water
Regulations. This laboratory or laboratories are considered the Principal State Laboratory and are certified by the
Region either directly or through areciprocal agreement.

Certification Process
The certification process begins when the laboratory director makes aformal request to the certification authority to
be certified. This application may be one of the following:

e A request for first-time certification for microbiology, chemistry, or radiochemistry;
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e A request for certification to analyze additional or newly regulated contaminants,
e A request to reapply for certification after correction of deficiencies which resulted in the
downgrading/revocation of certification status.

The response to a formal application for any of the above requests should be given within 30 days. At thistimea
mutually agreeable date and time should be set for the on-site laboratory audit. The recommended protocol for
conducting these audits is given in Appendix B. If thisis not afirst-time certification, an on-site visit may not be
necessary.

Drinking water laboratories should verify that they plan to analyze drinking water samples when they request
certification. If alaboratory hasnot been analyzing drinking water samples and does not plan to, the Region or State
may choose not to renew their certification.

Types of Certification

After review of PE sampleresultsand an on-sitevisit, the certification authority should provideawritten report within
45 days and classify the laboratory for each contaminant or group of contaminants according to the following rating
scheme:

¢ Certified - a laboratory that meets the minimum requirements of this manual and all applicable regulatory
requirements. "Certified" status may not be granted to any laboratory that has not met performance criteria
specified in the National Primary Drinking Water Regulations (NPDWR) and within the policy required by their
certification authority.

¢ Provisionally Certified - alaboratory that has deficienciesbut demonstratesitsability to consistently produce valid
data within the acceptance limits specified in the NPDWR, and within the policy required by their certification
authority. A provisionally certified laboratory may analyze drinking water samples for compliance purposes.
Provisional certification may not be given if the evaluation team believes that the laboratory cannot perform an
analysis within the acceptance limits specified in the regulations.

¢ Not Certified - alaboratory that possesses major deficiencies and, in the apinion of the Certification Authority,
cannot consistently produce valid datawithin the acceptance limits specified in the NPDWR and within thepolicy
described by their certification authority.

Interim Certification - interim certification may be granted in certain circumstances when it is impossible or
unnecessary to perform an on-site audit. Interim certification statusmay be granted only when the CA judgesthat the
laboratory has the appropriate instrumentation, is using the approved methods, has adequately trained personnel to
perform the analyses, and has satisfactorily analyzed PE samples, if available, for the contaminantsin question. PE
samples from acommercia vendor may be used. The CO should perform an on-site audit as soon aspossiblebut in
no case later than three years. An example of a situation where this type of certification is warranted might be a
laboratory that has requested certification for the analysis of additional analytes that involves use of a method for
which it already has certification or avery similar method. The CO should review thelaboratory's quality control data
before granting this type of certification.

Primacy

Primacy Statesin which all drinking water compliance analysesare not conducted at State operated |aboratories, are
required to establish a certification program for drinking water laboratories[see 40 CFR 142.10(b)(3)(i)]. All States,
however, are encouraged to devel op such programs. EPA encourages the Statesto base certification of drinking water
laboratories either upon criteria contained in this manual or upon state-developed equivalents that are at least as
stringent asthismanual. All state certification programs must require compliance with all provisions of the National
Primary Drinking Water Regulations. Thaose states required by regulation to develop a certification program must
designate "a laboratory officer or officers, certified by the [Regional] Administrator [or his or her designee], as the
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official(s) responsible for the State's certification program.” (40 CFR 8§142.10(3)(i)).

Drinking Water Laboratories

Any laboratory which analyzes drinking water compliance samplesis considered a drinking water |aboratory for the
purpose of certification. Thisincludes Federal laboratories that analyze compliance samples and other laboratories
that analyze compliance samples for Federal facilities. All such laboratories must be certified by the State or EPA.
If requested by the State, a Region may certify Federal laboratoriesin its Region.

TheRegion should certify individual laboratorieson Federal Indian lands, if requested by thetribal chairperson. These
laboratories must meet the same criteria for certification as specified in the NPDWR and this manual.

Thecriteria, procedures, and mechanism EPA usesto certify municipal or private drinking water laboratories arethe
same as those for principal state laboratories.

Other Considerationsfor Laboratory Certification

Laboratory Personnel

Thelaboratory should have sufficient supervisory and other personnel, with the necessary education, training, technical
knowledge and experience for their assigned functions.

Laboratory Director/Manager or Technical Director

The laboratory director/manager should be a qualified professional with the technical education and experience and
managerial capability commensuratewith thesize/type of thelaboratory. Thelaboratory director/manager isultimately
responsible for ensuring that all laboratory personnel have demonstrated proficiency for their assigned functions and
that all datareported by the laboratory meet the required quality assurance (QA) criteriaand regul atory requirements.

Quality Assurance Officer/Manager

The QA officer/manager should be independent from the laboratory management if possible and have direct accessto
the highest level of management. The QA officer/manager should have a bachelor's degree in science, training in
quality assurance principles commensurate with the size and sophistication of the laboratory and at least one year of
experience in quality assurance/control. The QA officer/manager should have at least a working knowledge of the
gtatistics involved in quality control of laboratory analysis and a basic understanding of the methods which the
laboratory employs.

Laboratory Quality Assurance Plan

All laboratories analyzing drinking water compliance samples must adhere to the QC procedures specified in the
methods. Thisisto ensure that routinely generated analytical data are scientifically valid and defensible and are of
known and acceptable precision and accuracy. To accomplish these goals, each laboratory should prepare a written
description of its QA activities (a QA plan). Itistheresponsibility of the QA manager to keep the QA plan up to date.
All laboratory personnel must be familiar with the contents of the QA plan. This plan should be submitted to the
auditors for review prior to the on-site visit or should be reviewed as part of the on-site visit.

Thelaboratory QA plan should bea separately prepared text. However, documentation for many of thelisted QA plan
items may be made by referenceto appropriate sections of thismanual, thelaboratory's standard operating procedures,
(SOPs) or other literature (e.g., promulgated methods, Standard Methods for the Examination of Water and
Wastewater, etc.). The QA Plan should be updated as necessary.

At aminimum, the following items should be addressed in each QA plan:

1. Laboratory organization and responsibility
¢ include a chart or table showing the laboratory organization and lines of responsibility, including QA
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managers,

e listthekeyindividualswhoareresponsiblefor ensuring the production of valid measurementsand theroutine
assessment of measurement systems for precision and accuracy (e.g., who is responsible for internal audits
and reviews of the implementation of the plan and its requirements);

¢ referencethejob descriptionsof the personnel and describetraining to keep personnel updated on regul ations
and methodol ogy, and document that | aboratory personnel havedemonstrated proficiency for themethodsthey
perform.

Process used to identify clients Data Quality Objectives

SOPs with dates of last revision

+ keepalist of SOPs

» ensurethat current copies of SOPs arein the laboratory and in the QA Managersfiles,

» ensurethat SOPs are reviewed annually and revised as changes are made;

» ensurethat SOPs have signature pages and revisions dated.

Field sampling procedures

e describe the process used to identify sample collectors, sampling procedures and locations, required
preservation, proper containers, correct sample container cleaning procedures, sample holding times from
collection to analysis, and sampl e shipping and storage conditions;

e ensure that appropriate forms are legibly filled out in indelible ink or hard copies of eectronic data are
available. See Chapters|V, V, and VI for specific itemsto be included;

e  describe how samples are checked when they arrive for proper containers and temperature and how samples
are checked for proper preservation (e.g., pH, chlorine residual) before analysis;

e ensurethat sampling protocol iswritten and available to samplers.

Laboratory sample handling procedures

e use bound laboratory note books, filled out in ink; entries dated and signed (A secure, password protected,
electronic data base is acceptabl €);

e store unprocessed and processed samples at the proper temperature, isolated from laboratory contaminants,
standards and highly contaminated samplesand, sometimes, each other; holding times may not be exceeded,;

e maintain integrity of all samples, (e.g., by tracking samples from receipt by laboratory through analysis to
disposal);

e require Chain-of-Custody procedures for samples likely to be the basis for an enforcement action (see
Appendix A);

e gpecify criteria for rgection of samples which do not meet shipping, holding time and/or preservation
requirements and procedures for notification of sample originators.

. Calibration procedures for chemistry and radiochemistry (may reference SOP)

o specify type of calibration used for each method and frequency of use;

e describe standards source, age, storage, labeling;

o perform data comparability checks;

e usecontrol charts and for radiochemistry, report counting errors with their confidence levels.

. Analytical procedures (may reference SOP)

e cite complete method manual;

e describe quality control procedures required by the methods that must be followed.

Data reduction, validation, reporting and verification (may reference SOP)

¢ describedatareduction process. method of conversion of raw data tomg/L, picocuries/L, coliforms/100 mL,

etc.;

describe data validation process,

describe reporting procedures, include procedures and format;

describe data verification process,

for radiochemistry, describe reporting of counting uncertainties and confidence levels,

describe procedure for data corrections.

Type of quality contral (QC) checks and the frequency of their use (see Chapters IV, V and VI).(may reference

SOP)
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Parameters for chemistry and radiochemistry should include or reference:
instrument performance check standards;

frequency and acceptability of method detection limit (MDL) calculations;
calibration, internal and surrogate standards;

laboratory reagent blank, field reagent blank and trip blank;

field and laboratory matrix replicates;

quality control and performance evaluation samples;

laboratory fortified blank and laboratory fortified sample matrix replicates;
initial demonstration of method capability and use of control charts;
gualitative identification/confirmation of contaminants.

Parameters for microbiology should include or reference:
e positive and negative culture contrals;
e confirmation/verification of presumptive total coliform positive samples;
o derility contrals;
o performance evaluation and quality control samples.
10. List schedules of internal and external system and data quality audits and inter laboratory comparisons (may
reference SOP)
11. Preventive maintenance procedures and schedules
e describelocation of instrument manual sand schedul esand documentati on of routi ne equi pment maintenance;
e describe availability of instrument spare partsin the laboratory;
¢ list any maintenance contractsin place.
12. Corrective action contingencies
e describeresponseto obtaining unacceptabl eresultsfrom analysisof PE samplesand frominternal QC checks;
e name persons responsible for the various corrective actions;
e describe how corrective actions taken are documented;
13. Record keeping procedures
e describe procedures and documentation of those procedures;
o ligt length of storage, media type (electronic or hard copy);
e describe security policy of € ectronic databases.

If aparticular itemisnot relevant, the QA plan should statethisand provideabrief explanation. A laboratory QA plan
should be responsive to the above items while remaining brief and easy to follow. Minimizing paperwork, while
improving dependability and quality of data, are the intended goals.

Performance on Routine Water Samples

Each certification authority should devel op astrategy to assess|aboratory performance on routinewater ssmplesaspart
of its certification program. This strategy may include one or more of the following approaches or some other
approach: blind audit samples; analysisof an unknown sample during the on-site evaluation; asplit sample program
with thelaboratory; adataaudit; or observation of daily routine during an on-sitevisit. Each Certification Authority
should develop a written plan that addresses thisissue. The Regional plan is approved by OGWDW with NERL
concurrence. The State plan is approved by the Region.

Chain-of-Custody Procedures
Certified laboratories, when requested to process a sample for possible legal action against a supplier, should use an
adequate chain-of-custody procedure. An example of such aprocedureisfound in Appendix A. The State or Region
should seek input from its attorney general's office to ensure that the laboratory's procedures are adequate. The
procedure used should be documented.

Requirementsfor Maintaining Certification Status
Performance Evaluation (PE) Samples
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All certified drinking water laboratories must satisfactorily analyze PE samples or other unknown test samples to
maintain certification for inorganic and organic contaminants. Currently, theregulationsstipulatethat if alaboratory
satisfactorily analyzes80% of theregulated VV ol atile Organic Chemicals, it may becertified for all of them (except vinyl
chloride which is certified separately). If the VOCs are provided in more than one vial, they must be considered
collectively. However, it is recommended that a laboratory not be certified for a particular VOC which is
unsatisfactorily analyzed two times in succession.

If thelaboratory does not analyze the PE sample, or other unknown test sample, within the acceptance limits specified
in the regulations, or within policy described by their certifying authority, the certifying authority must follow the
procedurediscussed in the section entitled, " Criteriaand Proceduresfor Downgrading/Revoking Certification Status."”

If alaboratory wishesto be certified for a contaminant by more than one method, it should analyze the PE samples by
each method for which it wishes to be certified. If the PE provider cannot accommodate PE data by more than one
method, the additional data should be submitted directly to the certification officer. The methods listed on the
laboratory's certification certificate must be the methods by which the PE samples were analyzed.

The laboratory should be able to provide documentation to the certification authority that the person(s) analyzing any
PE sampleis alaboratory employee who routinely analyzes drinking water compliance samples.

Tomaintain certification in radiochemistry, NERL-LV requires|aboratoriesto participate satisfactorily in the NERL -
LV PE program.

Methodol ogy
Laboratories must use the methods specified in the drinking water regulations at 40 CFR part 141 These methodsare
listed in Chapters1V, V, VI, and Appendix G.

Notification of Certifying Authority (CA) of Major Changes

Certified laboratoriesshould notify theappropriate CA (Regional Administrator or designee or the appropriate NERL)
in writing, within 30 days of major changes in personnel, equipment, or laboratory location. A major changein
personnel is defined as the loss or replacement of the laboratory supervisor or a situation in which atrained and
experienced analyst isno longer available to analyze a particular parameter for which certification has been granted.
The CA should discuss the situation with the laboratory supervisor and establish a schedule for the laboratory to
address major changes. If the CA determines that the laboratory can no longer produce valid data, the CA should
follow the procedure for revocation of certification.

On-Site Evaluation

The CA should be satisfied that alaboratory is maintaining therequired standard of quality for certification. Normally,
this should be based on a recommendation from an on-site evaluation. |f the laboratory undergoes a major change,
however, or if it failsa PE sample or other unknown test sample, the CA should consider conducting an evaluation
before the usual three year period has expired.

Criteria and Proceduresfor Downgrading/Revoking Certification Status

Criteria for Downgrading Certification Status

A laboratory should be downgraded to "provisionally certified" statusfor a contaminant or group of contaminantsfor
any of the following reasons:

e Failureto analyze a PE sampleat least annually within the acceptance limits specified in theregulations, or,
if there areno requirements specified in theregul ations, within policy described by their certifying authority;

e Failure of a certified laboratory to notify the CA within 30 days of major changes (e.g., in personnd,
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equipment, or laboratory location);

e Failureto satisfy the CA that the laboratory is maintaining the required standard of quality, based upon an
EPA on-site evaluation;

e Failureto report compliance datato the public water system or the State drinking water program in atimely
manner, thereby preventing compliance with Federal or State regulations and endangering public health.
Data which may cause the system to exceed an MCL should be reported as soon as possible.

Procedures for Downgrading to " Provisionally Certified" Status

If alaboratory issubject to downgrading on the basi sof the aboveindicated criteria, the CA should notify thelaboratory
director or owner of itsintent to downgrade (by registered or certified mail) within 14 days from becoming aware of
the situation warranting downgrading. Thelaboratory director should review the problems cited and, within 30 days
of receipt of the letter, send aletter to the CA specifying what immediate corrective actions are being taken and any
proposed actionsthat need the concurrence of the CA. The CA should consider the adequacy of theresponse and notify
the laboratory in writing (by registered or certified mail) of its certification status within 14 days of receipt of its
response. The CA should follow up to ensure that corrective actions have been taken.

If a laboratory fails to analyze a PE or other unknown sample within the acceptance limits, the CA should not
downgrade certification if thelaboratory identifies and corrects the problem to the CA's satisfaction within 30 days of
being natified of thefailure. If, after areview of the submitted information, the CA determinesthat thelaboratory need
not be downgraded, then within 30 days of this decision, the CA should send the [aboratory ancther unknown sample
containing thefailed contaminant. If thelaboratory analyzesthissecond unknown samplewithin theacceptancelimits
established by the EPA or State (using the most recent PE summary statistical compilations), the laboratory should not
be downgraded. If the laboratory fails to analyze this second unknown sample within the established limits, the CA
should downgrade the laboratory to "provisionally certified" status and notify the laboratory within 14 days (by
registered or certified mail). Laboratories should be downgraded only for the analyte failed, except where EPA/State
certifies a group of related analytes based on a limited number of analytes in the group. (See "Periodic Performance
Evaluation Samples' for additional information.)

During any phase of thisprocedure, alaboratory may request that the EPA or State providetechnical assistanceto help
identify and resolve any problem.

Once the CA ncatifies a laboratory, in writing, that it has been downgraded to "provisionally certified" status for
procedural, administrative, equipment or personnel deficiency, thelaboratory should correct its problem within three
months (six months for major equipment replacement). |If the laboratory was downgraded to "provisionally certified"
status because of afailureto analyze a PE sample(or other unknown test sampl €) within theacceptancelimits specified
intheregulations, or within policy required by their certifying authority, thelaboratory should correct itsproblemsand
satisfactorily analyze another PE sample (or other unknown sample) within one month of receipt of the second PE
sample. A provisionally certified laboratory may continue to analyze samples for compliance purposes, but should
netify its clients of its downgraded status and provide that information, in writing, on any report.

Criteria for Revoking Certification Status
A laboratory shall be downgraded from certified, provisionally certified or interim certified statusto "not certified" for
a particular contaminant analysis for the following reasons:

Submission of a PE sample to another laboratory for analysis and reporting the data as its own;
Falsification of data or other deceptive practices;

Failure to use the analytical methodology specified in the regulations;

For provisionally certified |aboratories, failureto successfully analyze a PE sampleor any other unknown test
sample for a particular contaminant within the acceptance limits specified;
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e For provisionally certified laboratories, failure to satisfy the CA that the laboratory has corrected deviations
identified during the on-site evaluations,

e For provisionally certified |aboratories, persistent failureto report compliance datato the public water system
or the State drinking water program in atimely manner thereby preventing compliance with Federal and/or
Stateregulationsand endangering public health. Datawhich may causethe system to exceed an MCL should
be reported as soon as possible.

Procedures for Revocation

The CA should netify the laboratory, in writing (by registered or certified mail) of the intent to revoke certification.
If the laboratory wishesto challenge this decision, a notice of appeal should be submitted in writing to the CA within
30 days of receipt of the notice of intent to revoke certification. If no notice of appeal isfiled, certification shall be
revoked.

The notice of appeal should be supported with an explanation of the reasons for the challenge and must be signed by
aresponsible official from the laboratory such as the president/owner for a commercial laboratory, or the laboratory
supervisor in the case of amunicipal laboratory or the laboratory director for a State or Regional laboratory.

Within 30 days of receipt of the appeal, the CA should make a decision and notify the laboratory in writing (by
registered or certified mail). Denial of the appeal shall result in immediate revocation of the laboratory's certification.
Oncecertification isrevoked, alaboratory may not analyzedrinking water samplesfor complianceuntil itscertification
has been reinstated.

If the appeal is determined to be valid, the CA should take appropriate measuresto reevaluate the facility and notify
the laboratory, in writing (by registered or certified mail), of its decision within 30 days of the reevaluation.

Reinstatement of Certification

Through a written request, a laboratory may seek reinstatement of certification, when and if the laboratory can
demonstrate to the CA's satisfaction that the deficiencies which produced provisionally certified status or revocation
have been corrected. This may include an on-site evaluation, successful analysis of unknown samples or any other
measure the CA deems appropriate.

Reciprocity

Reciprocity, mutually acceptabl e certification among Regions and/or primacy States, is strongly endorsed by EPA as
ahighly desirable element in the certification program for drinking water laboratories. EPA also believesthat use of
athird party auditing agent by more than one State could promote reciprocity. (See Appendix D)

States are encouraged to adopt provisionsin their laws and regulations to permit reciprocity. Even though ultimate
responsibility for reciprocal certification resides with the Regions and primacy States, the States may ask for the
assistance of EPA in cases involving clarification of what should be considered in a reciprocal agreement. Such
requests should be submitted to the Region or OGWDW through the Region.

Training
Training is an integral part of the laboratory certification process for personnel conducting on-site evaluations of
laboratories on behalf of either the Regional Office or a primacy State.

EPA policy requires that all Regional certification officers must initially pass the appropriate EPA laboratory
certification training courses for the discipline for which they certify (chemistry, radiochemistry or microbiology).

All laboratory auditors should be experienced professionals and have at least a bachelor's degree or equivalent
education/experience in the discipline for which they certify and recent laboratory experiencein thefield for which
they audit laboratories. Third party auditors (see Appendix D) must also pass the EPA certification training course.
Outside experts, retained for their knowledgein alimited area (e.g., asbestos) are not required to pass the laboratory
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certification course if they are used as part of an on-site audit team which includes a certification officer. Periodic
training for both laboratory auditors and analysts should be provided by the Regions. Certification officers should
attend refresher training programs at |east every five years to keep their knowledge of the methods and the drinking
water program current. It is highly recommended that certification officers have recent bench experience in the
methods for which they certify. OGWDW will notify certification officers of major updates/changes to EPA's
certification program. It isrecommended that the States use these same criteriain their certification programs.

Alternate Analytical Techniques

EPA approves analytical methods for all regulated drinking water contaminants. A regulation for a particular
contaminant will include approval of one or more methods that must be used to determine that contaminant.
Subseguent to publishing a rule (promulgation), the Agency may approve new methods or modifications of EPA
approved methods through another rule.
"With the written permission of the State, concurred in by the Administrator of the US EPA, an alternate analytical
technique may be employed. An alternate technique shall be accepted only if it is substantially equivalent to the
prescribed test in both precision and accuracy asit relates to the determination of compliance with any MCL."(CFR
141.27(a)

Anyone can request that EPA approve a new method or modification of a method already approved by EPA, by
submitting EPA-specified data and other information to the Director, Analytical Methods Staff, Office of Science and
Technology (M$4303), Office of Water, USEPA, 401 M Street, SW, Washington DC 20460. EPA will evaluate the
material to determine whether the method meets EPA criteria. If a method meets the specified criteria, it will be
approved. Thisinvolves a formal proposal in the Federal Register, public comment, and finally (unless otherwise
indicated by the public comments or other new information), promulgation in the Federal Register. Once approved
(i.e., promulgated), any laboratory may use the method.

111-10



Chapter IV
Critical Elementsfor Chemistry

1. Personnel

1.1 Laboratory Supervisor

Thelaboratory supervisor should have at least abachel or's degree with amajor in chemistry or equivalent and at | east
one year of experience in the analysis of drinking water. The laboratory supervisor should have at least a working
knowledge of quality assurance principles. The laboratory supervisor hasimmediate responsibility to insure that all
laboratory personnel have demonstrated their ability to satisfactorily perform the analyses to which they are assigned
and that all data reported by the laboratory meet the required quality assurance and regulatory criteria.

1.2  Laboratory Analyst

Thelaboratory analyst should have at |east a bachel or's degreewith amajor in chemistry or equivalent and at least one
year of experience in the analysis of drinking water. If the analyst is responsible for the operation of analytical
instrumentation, heor she should have compl eted specialized training offered by the manufacturer or another qualified
training facility or served aperiod of apprenticeship under an experienced analyst. Theduration of thisapprenticeship
is proportional to the sophistication of theinstrument. Data produced by analysts and instrument operators whilein
the process of obtai ning the required training or experience are acceptabl e only when reviewed and validated by afully
qualified analyst or the laboratory supervisor.

Before beginning the analysis of compliance samples, the analyst must demonstrate acceptable results for blanks,
precision, accuracy, method detection and specificity and satisfactory analysis on unknown samples.

1.3  Technician
The laboratory technician should have at least a high school diploma or equivalent, complete a method training
program under an experienced analyst and have six months bench experiencein theanal ysisof drinking water samples.

Before beginning the analysis of compliance samples, the technician must demonstrate acceptable results for blanks,
precision, accuracy, method detection and specificity and satisfactory analysis on unknown samples.

1.4  Sampling Personnel
Personnel who collect samples should have been trained in the proper collection technique for all types of samples
which they collect. Their technique should be reviewed by experienced sampling or laboratory personnel.

1.5 Waiver of Academic Training Requirement
The certification officer may waive the need for specified academic training, on a case-by-case basis, for highly
experienced analysts.

Training records should be maintained for all personnel. These should include all job related formal training taken
by the analyst which pertains to any aspect of his’her responsibilities, including but not limited to anaytica
methodol ogy, laboratory safety, sampling, quality assurance, data analysis, etc.

2. Laboratory Facilities

Theanalysisof compliance samplesshould be conducted in alaboratory wherethe security and integrity of thesamples
and the data can be maintained. The laboratory facilities should be clean, have adequate temperature and humidity
control, have adequate lighting at the bench top and must meet applicable OSHA standards. Thelaboratory must have
provisions for the proper storage and disposal of chemical wastes. The appropriate type of exhaust hood is required
where applicable.

There should be sufficient bench spacefor processing samples. Workbench space should be convenient to sink, water,
gas, vacuum and electrical sources free from surges. Instruments should be properly grounded. For safety reasons,
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inorganic and organic facilities should be in separate rooms; organic analysis and sample extraction should also be
separated to prevent crosscontamination. Theanalytical and sample storage areas should beisolated from al potential
sources of contamination. There should be sufficient storage space for chemicals, glassware and portabl e equipment,
sufficient floor and bench space for stationary equipment and areas for cleaning materials.

3. Laboratory Equipment and Instrumentation

The laboratory must have the instruments and equipment needed to perform the approved methods for which
certification has been requested. The checklist on page 43 of thischapter provides moreinformation on the necessary
equipment. All instruments should be properly maintained and calibrated.

4. General Laboratory Practices

41  General
4.1.1 Chemicalsg/reagents. Chemicalsand reagents used must meet the specificationsin the method. If not
specified, then"Analytical reagent grade'" (AR) or American Chemical Society (ACS) gradechemicalsor better
should be used for analysesin certified laboratories. Consult Sandard Methods for the Examination of Water
and Wastewater, 18th Edition, part 1070 for more detailed information on reagent grades.

4.2 Inorganic Contaminants
4.2.1 Reagent water: The laboratory should have a source of reagent water having a resistance value of at
least 0.5 megohms (conductivity less than 2.0 micromhos/cm) at 25°C. High quality water meeting such
specifications may be purchased from commercial suppliers. Quality of reagent water is best maintained by
sealing it from the atmosphere. Quality checksto meet specifications above should be made and documented
at planned intervals based on use. This planned interval should not exceed one month. Individual analytical
methods may specify additional requirements for the reagent water to be used.

4.2.2 Glassware preparation: Specific requirements in the methods for the cleaning of glassware must be
followed. If no specifications are listed, then glassware should be washed in a warm detergent solution and
thoroughly rinsed first with tap water and then with reagent water. This cleaning procedure is sufficient for
general analytical needs. It is advantageous to maintain separate sets of suitably prepared glassware for the
nitrate, mercury, and lead analyses due to the potential for contamination from the laboratory environment.
Refer to Table 1V-1 for a summary of glassware cleaning procedures.

4.3  Organic Contaminants
4.3.1 Reagent water: Reagent water for organicanalysismust befreefrominterferencesfor theanalytesbeing
measured. It may be necessary to treat water with activated carbon to eliminate al interferences. If individual
methods specify additional requirements for the reagent water to be used, these must be followed.

4.3.2 Glasswarepreparation: Glassware cleaning requirements specified in the methods must befollowed.
Table 1V-1 summarizes the cleaning procedures specified in the EPA methods.

4.4  Laboratory safety

While safety criteria are not an aspect of laboratory certification, laboratory personnel should apply general and
customary safety practices as a part of good laboratory practices. Each laboratory is encouraged to have a safety plan
as part of their standard operating procedure which includes personnel safety, training and protection. Where safety
practices are included in an approved method (i.e., 515.1), they must be followed. See Standard Methods for the
Examination of Water and Wastewater, part 1090 for a discussion of |aboratory safety.

45  Quality Assurance

Laboratories should maintain current Quality Assurance Plans as described in Chapter 3. All laboratory activities
including sampling, test methods, instrument operation, data generation and corrective action should be described in
the Plan. Plans should be available to all personnd.

V-2



5. Analytical M ethods

5.1 General

A list of approved methods for inorganic and organic contaminants can befoundin TablesIV-2 and V-3, respectively.
Methods manuals should be available in-house. Allowed modification to the methods should be documented. Al
procedural stepsin thesemethodsare considered requirements. Other methods cannot be used for compliance samples
unless approval has been granted by the Agency. Contact the appropriate certifying authority for an alternate test
procedure application. Application for the use of an alternate method may require acceptable comparability data.
Table V-4 lists the methods which must be used for contaminants which are regulated for monitoring only (have no
MCLs). Table V-5 lists the methods which must be used for the analysis of disinfectants. Recommended methods
for Secondary contaminants are listed in Table 1V-6. For moreinformation, see Appendix H, section 2.1

5.2  Analyses approved by the State

Measurements for turbidity, pH, temperature, residual disinfectant, calcium, orthophosphate, silica, alkalinity, and

conductivity need not be madein certified laboratories, but may be performed by any persons acceptabl e to the State.

However, approved methodol ogy must beused (Tables1V-2-5). The Stateshouldinstituteaquality assurance program

to assure validity of data from these measurements.
5.2.1 Turbidity standards. Sealed liquid turbidity standards purchased from the instrument manufacturer
should be calibrated against properly prepared and diluted formazin or styrene divinylbenzene polymer
standards at |east every four monthsin order to monitor for any eventual deterioration. This calibration should
be documented. These standards should be replaced when they do not fall within 15% of the concentration of
thestandard. Solid turbidity standardscomposed of plastic, glass, or other materialsarenot reliable and should
not be used.

5.2.2 Residual chlorine standards: If visual comparison devices such as color wheels or sealed ampulesare
used for determining free chlorineresidual, the standards incorporated into such devices should be calibrated
at least every six months. These calibrations should be documented. Directions for preparing temporary and
permanent typevisual standards can befound in Method 4500-Cl-G, of Sandard Methodsfor the Examination
of Water and Wastewater, 18th Edition, 1992. By comparing standards and plotting such a comparison on
graph paper, a corrective factor can be derived and applied to future results obtained on the now calibrated
apparatus.

6. Sample Collection, Handling, and Preservation

Themanner in which sasmplesare collected and handled iscritical to obtaining valid data. 1tisimportant that awritten
sampling protocol with specific sampling instructions be available to and used by sample collectors and avail able for
inspection by the certification officer. (Appendix A, Chain-of-Custody).

6.1 Rejection of Samples

The laboratory must reject any sample taken for compliance purposes which does not meet the criteriain 6.2 through
6.6 and notify the authority requesting the analyses. See Appendix H section 1.3.

6.2  Sample Containers and Preservation

Thetype of sample container and the required preservative for each inorganic and organic chemical contaminant are
listed in Table IV-7. Theuseof "blueice" is discouraged because it generally does not maintain the temperature of
thesample at 4C or less. If blueiceisused, it should be frozen at the time of sampling, the sample should be chilled
before packing, and special notice must betaken at samplerecei pt to be certain therequired temperature (4C) has been
maintai ned.

6.3 Maximum Holding Times
Samples must be analyzed within the maximum holding timeslisted in Table IV-7.

6.4  Sample Collection and Transport
There must be strict adherence to correct sampling procedures, complete identification of the sample, and prompt
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transfer of the sampleto the laboratory. When the laboratory is not responsible for sample collection and transport,
it must verify that the paperwork, preservatives, containers and holding times are correct or reject the sample. For
more information, see Appendix H, section 1.0.

6.5 Sample Collector
Thesamplecollector should betrainedin sampling proceduresand have compl etewritten samplinginstructions (SOPs)
for each type of sampleto be collected. The sampler should be able to demonstrate proper sampling technique.

6.6  Sample Report Form

The sample report form should contain the ID, location, date and time of collection, collector's name, preservative
added and shipping requirements, container and volume, sampletype, analysis, and any specia remarks concerning
the sample. Inddibleink should be used. See Appendix H, section 1.1.

6.7  Sample Compositing

Compositing of samples for inorganic and organic analyses must be donein the laboratory. Samples should only be
composited if thelaboratory detection limit is adequate for the number of samples being composited (up to amaximum
of five) and the holding timeswill not be exceeded.

7. Quality Control
Additional information is contained in Appendix H. Specific items are referenced throughout.
7.1 General Requirements

7.1.1 Availability of QC Information: All quality control information should be available for inspection by
the certification officer.

7.1.2 Standard Operating Procedures. A manual of analytical methods and the laboratory's QA plan and
Standard Operating Procedures (SOPs) should bereadily availableto the analysts (see Chapter 111'sdiscussion
of Quality Assurance).

7.1.3 Balances and Weights. Balance range should be appropriate for the application for which it isto be used.
Drinking water chemistry laboratories should use balances that weigh to at least 0.0001 g. The balances should be
calibrated at least annually with ASTM Typel, Class 1 or 2 weights. (ASTM, 1916 Race S.., Philadel phia, PA
19103) This may be done by laboratory personnel or under contract by a manufacturer's representative. We
strongly recommend laboratories have a contract to calibrate balances due to the expense of the weights and to
serve as an outside QC check of the weights and balances. Weights meeting ASTM Typel, Class1 or 2
specifications should be recertified if there is reason to believe damage (corrosion, nicks) has occurred or at |east
every five years.

Laboratory personnel should perform at least weekly checks of the balance. Weights meeting ASTM Type
1 specifications may be used but should be calibrated annually against the reference weights at time of
balance calibration. A record of al checks should be available for inspection. The checks and their
frequency should be as prescribed in the laboratory's QA Plan.

7.1.4 Color Standards. Wavelength settings on spectrophotometers should be verified each day they are
used with color standards. A record of these checks should be available for inspection. The specific checks
and their frequency should be as prescribed in the SOPs.

7.1.5 Thermometers. Thermometers should be traceable to ASTM calibration and recertified whenever the
thermometer has been exposed to temperature extremes.

7.1.6 Traceability of Calibration: Calibrations of all measurement devices should be traceable to national
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standards whenever applicable.

7.2 Specific Requirements. The following are required for each analyte for which alaboratory is certified:
7.2.1 Performance Evaluation Samples. The laboratory must analyze performance evaluation samples (if
available) acceptable to the Certifying Authority at |east once per year in order to receive and maintain full
certification for an analyte. Results from analysis of the performance eval uation sample must be within the
acceptable limits established by U.S. EPA. These acceptance limitsarelisted in Table 1V-9. The laboratory
should document the corrective actions taken when a PE sampleismissed. A copy of this documentation
should be forwarded to the certification officer. A make up PE sample must be successfully analyzed. If
problems arise, appropriate action must be taken as specified in Chapter 111, Implementation of Certification
Program. See Appendix H, section 2.5.6

For VOCs, the laboratory may be certified for all VOCs (except vinyl chloride) or for the VOC method if
they successfully analyze at least 80% of the regulated VOCs. The intention of the regulation was to allow
some flexibility for random misses because the VOC methods include 20 analytes. Theintention is not to
allow alaboratory to be certified for an analyte which it misses repeatedly.

7.2.2 Quality Control Samples. At least once each quarter, the laboratory should analyze a quality
control standard for the analytes they are analyzing in that quarter. The check standard should be prepared
from a source other than that from which their standards are prepared. If errors exceed limits specified in
the methods, corrective action must be taken and documented, and a follow-up quality control standard
analyzed as soon as possible to demonstrate the problem has been corrected.

7.2.3 Calibration Curve: Calibration requirementsin the methods must be followed. If thereare
none, these are some guidelinesto follow. At the beginning of each day that samples are to be analyzed, a
calibration curve covering the sample concentration range and all target analytes should be generated
according to the approved SOP. The curve should be composed of at least three concentrations, although
some methods recommend that five concentrations be included. Some inorganic methods require at least a
blank and three concentrations for each analyte. The calibration standards should be from a source different
from the quality control standard used for 7.2.2. Field measurements (e.g., pH and chlorine residual)
should also be made on instruments which have been properly calibrated as specified in the method or
instrument manual and checked daily. The less precise the measurement, the greater the number of
concentrations which should be included in the calibration curve. EPA gas chromatography methods
recommend using five standards. See Appendix H, section 2.3.1.

7.2.4 Calibration Check: The calibration for some methods is so time-consuming that 7.2.3 is
impractical. For these methods, the calibration curve should beinitially developed as specified in 7.2.3.
Thereafter, at the beginning of each day on which analyses are performed, this curve should be verified by
analysis of at least areagent blank and one standard for each of the target analytesin the expected
concentration range of the samples analyzed that day. All checks must be within the control limits specified
in the method or the system recalibrated as specified in 7.2.3.

It is recommended that a calibration standard of one multicomponent analyte (PCBs, toxaphene and
chlordane) also be analyzed each day or work shift. By rotating the analyte chosen, continuing calibration
data can be obtained on all the multicomponent analytes over a period of one to two weeks. |If a positive for
amulti- component analyte isfound in a sample, a calibration check for that analyte should be performed
as soon as possible. Calibration reguirements in the methods must be followed if different. See Appendix
H, section 2.4.

7.2.5 Blanks: A laboratory reagent blank should be carried through the full analytical procedure with
every sample batch. In general, results from laboratory reagent blanks should not exceed the laboratory's
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method detection limit (MDL); see Section 7.2.8 and Appendix H, Section 2.5.4.

7.2.6 Laboratory Fortified Sample Matrix: The laboratory should add a known quantity of analytesto a
minimum of 10% of the routine samples (except when the method specifies a different percentage, e.g.,
furnace methods or none as in 524.2) to determine sample matrix interference. The fortified concentration
should not be less than the background concentration of the sample selected for fortification unless
specified by the method. I the sample concentration is unknown or less than detectable, the analyst should
choose an appropriate concentration (e.g., a percentage of the MCL or mid point in the calibration range).
Over time, samplesfrom all routine sample sour ces should be fortified as much asispractical. If any
of these checks are not within the control limits specified in 7.2.7, and the laboratory performanceisin
control, the result for that sample must be labeled to inform the data user that the results are suspect dueto
matrix effects. See Appendix H, section 2.5.2.

7.2.7 Control Charts. Control charts, generated from laboratory fortified blanks (LFBs) should be
maintained by the laboratory. Until sufficient data are available from the laboratory, usually a minimum of
20 to 30 test results on a specific analysis, the laboratory should use the control limits (if specified) in the
methods.

When sufficient data become available, the laboratory should develop FRB control charts from the mean
percent recovery (x) and the standard deviation (S) of the percent recovery for the QC checks specified
above (see Chapter VI of the Handbook for Analytical QC in Water and Wastewater Laboratories, EPA-
600/4-79-019 or Standard Methods for the Examination of Water and Wastewater, part 1020B, or similar
QC reference texts for further information). These data are used to establish upper and lower contral limits
as follows:

upper control limit = x + 3S (upper warning limit + 2S)
lower control limit = x - 3S (lower warning limit - 25)

After each five to ten new recovery measurements, new control limits should be cal culated using the most
recent 20-30 data points. These calculated control limits should not exceed those established in the method.
If any of these control limits are tighter than the method specifications, the laboratory should use the tighter
criteria

7.2.8 Initial Demonstration of Capability: Before beginning the analysis of compliance samples, an
initial demonstration of capability (IDC) must be performed for each method. It isrecommended that an
IDC be performed for each analyst and instrument. In addition, it is recommended that the IDC aso
address the variability introduced if more than one sample preparation technician isused. Precision,
accuracy and MDL should be similar for each technician. The IDC includes a demonstration of the ability
to achieve alow background, the precision and accuracy required by the method, the method detection limit
(MDL) in accordance with the procedure given in 40 CFR 136, Appendix B and satisfactory performance
on an unknown sample. This definition is more encompassing than the definition of IDC in the methods.
The IDC should be redoneif thereis a changein analyst, instrument or a significant change in the method.
Minor changes should prompt a check to ascertain that the precision, accuracy and sensitivity have been
maintained.

7.2.9 Quantitation of Multicomponent Analytes (toxaphene, chlordane and PCBs) The quantitation of
multi- component analytes requires professional judgment on the part of the analyst. Thisisrequired dueto
the complex nature of the chromatography involved, sample weathering and degradation and interferences
that may be present in the samples. The pattern of peaks found in the sample should be examined carefully
and compared to a standard. The peaksin the sample that match the peak ratios in the standard can be used
in quantitation. Peaks that have obvious interferences (such as pesticides or phthalates or peaks exhibiting
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poor peak shape) or appear to have been degraded or weathered should not be used for quantitation. A
representative number (5-9) of peaksis suggested. Peak area should be used for quantitation and the analyst
should ensure that the samples and standards have been integrated in the same manner. Quantitation can
be done by using the total peak area (comparing the area of the 5-9 peaks used for quantitation of the
sampleto the area of the standard) or by calculating each peak separately (using area) and taking the
average concentration of the 5-9 peaks. Because of factors such as peak shape and baseline rise, the most
accurate quantitation is obtained when the concentration of the sample closely matches that of the standard
(e.g., within 20% of the standard). See EPA Method 8081, Organochlorine Pesticides and PCBs as
Aroclors by Gas Chromatography: Capillary Column Technique, for a more detailed discussion of
guantitation of multicomponent analytes.

Note: PCBs are qualitatively identified as Aroclors and measured for compliance purposes as
decachlorobiphenyl. Chlordaneis regulated as technical chlordane, a mixture of at least 11 major
components and 30 minor ones.

7.2.10 Periodic MDL Calculation: Method detection limit calculations are required by regulation for
VOCs, lead and composited samples. Table IV-8 liststhe MDL requirements in the drinking water
regulations. The CFR reguires that a method detection limit of 0.0005 mg/L be attained for VOCs.
For inorganics, a method detection limit of 1/5 of the MCL must be attained for compositing. Otherwise,
the MCL isthe required detection limit for inorganics. For SOCs, the detection limits listed in the CFR
must be attained for compositing, but are currently not required for certification. Thisis somewhat
contradictory, because the detection limits listed are the required monitoring triggers. Most methods require
initial MDL calculations for all analytes. It is therefore recommended that the certification officers require
the laboratories to calculate their detection limits for all regulated contaminants until a changeis madein
the regulation. See Appendix H, section 2.3 for more guidelineson MDLs.

It is recommended that sample preparation and analyses for the MDL cal culation be made over a period of
at least three daysto provide amorerealistic MDL. The analyst should recalculate MDLs when a
significant change in the method, analyst or instrument is made which would affect the MDL. In addition,
the analyst should regularly check the MDLs by analyzing laboratory fortified blanks at the same level as
those that were used to calculate the MDL.

The calculation of MDLs by the CFR procedure may not be adequate for Aroclors, toxaphene and chlordane
because they require pattern or peak profile recognition for identification. Presently, no standard procedure
exists, soit isrecommended that the MDL be defined as the lowest concentration for which pattern
recognition is possible.

7.2.11 Low Level Quantitation: The laboratory's detection limits should be reported to the client along
with the data. Many laboratories are uneasy reporting all detections above their MDL s because they realize
that statistically, contaminants present at the MDL concentration may be missed 50% of thetime. Also,
contaminants may be reported which cannot be confirmed by a second technique. Laboratories may prefer
not to report contaminants at levels less than two to three times their MDL or below the level at which they
routinely analyze their lowest standard. While this may be a scientifically sound practice, whether it isan
acceptabl e practice will depend on State and Federal reporting requirements. It isimportant for users of
data to understand the statistical and qualitative significance of the data. Laboratories may be required by
the States to achieve a specific MDL or quantitation limit more stringent than that required by EPA.

7.2.12 Laboratory Fortified Blanks: The analyst should routinely verify the reporting limit (if oneis
used) for each analyte by analyzing a laboratory fortified blank at the reporting level. In addition, most
methods require that a laboratory fortified blank be analyzed with each batch of samples at ten times the
MDL or amid level standard. Precision and accuracy data must be documented for this determination.
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7.2.13 Qualitative Identification: The analyst should also verify at what concentration specificity
(qualitative identification/confirmation) can be determined (e.g., a spectrum should be identifiable or second
column confirmation should be possible).

8. Recordsand Data Reporting

8.1 Legal Defensbility: Compliance monitoring data should be made legally defensible by keeping thorough and
accurate records. The QA plan and/or SOPs should describe the policies and procedures used by the facility for
record retention and storage. |f samples are expected to become part of alegal action, chain of custody procedures
should be used ( See Appendix A).

8.2 Maintenance of Records: Public Water Systems are required to maintain records of chemical analyses of
compliance samples for 10 years (40 CFR 141.33) and lead and copper for 12 years (40 CFR 141.91). The
laboratory should maintain easily accessible records for five years or until the next certification data audit is
complete, whichever islonger. The client water system should be notified before disposing of records so they may
request copiesif needed. Thisincludesall raw data, calculations, and quality control data. These data files may
be either hard copy, microfiche or eectronic. Electronic data should always be backed up by protected tape or disk
or hard copy. If thelaboratory changesits computer hardware or software, it should make provisions for
transferring old data to the new system so that it remains retrievable within the time frames specified above. Data
which is expected to become part of alegal action will probably need to be maintained for alonger period of time.
Check with your legal counsel. See Appendix H, section 3.0, and Good Automated Laboratory Practices, EPA
2185, Office of Information Management, Research Triangle Park, NC 27711, 8/10/95.

8.3 Sampling Records:  Data should be recorded in ink with any changes lined through such that original entry
isvisble. Changes should beinitialed and dated. The following information should be readily availablein a
summary or other record(s):
8.3.1 Date, location (including name of utility and PWSS ID #), site within the system, time of sampling,
name, organization and phone number of the sampler, and analyses required;

8.3.2 Identification of the sample asto whether it is aroutine distribution system sample, check sample,
raw or finished water sample, repeat or confirmation sample or other special purpose sample;

8.3.3 Date of receipt of the sample;
8.3.4  Sample volume/weight, container type, preservation and holding time and condition on receipt;
8.3.5 pH and disinfectant residual at time of sampling (from plant records);
8.3.6  Trangportation and ddivery of the sample (person/carrier, conditions).
8.4 Analytical Records  Data should be recorded in ink with any changes lined through such that original
entry isvisible. Changes should be initialed and dated. The following information should be readily available;
8.4.1 Laboratory and persons responsible for performing analysis;
8.4.2  Analytical techniques/methods used;
8.4.3 Dateandtimeof anayss,

8.4.4 Results of sample and quality control analyses;

8.4.5 Cadlibration and standards information.
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85  Personnel Records:
Resumes and training records should be maintained for all personnel. Analyst and technician Initial
Demonstration of Capability documentation should be kept on file as well as results of proficiency testing.

8.6 Reconstruction of Data: Adeguate information should be available to allow the auditor to reconstruct the
final results for compliance samples and performance evaluation samples. See Appendix H.

8.7 Computer programs: Computer programs should be verified initially and periodically by manual calculations
and the cal culations should be available for inspection. Access to computer programs and el ectronic data should be
limited to appropriate personnd.

9. Action Responseto Laboratory Results

When alaboratory is responsible, either by contract or State policy, to report sample results which would cause a
system to be out of compliance, the proper authority should be promptly notified and a request should be made for
resampling from the same sampling point immediately. See Chapter I11.
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TablelV-1 Glassware Cleaning Procedures - consult the method for complete details; do not over heat

volumetric glassware

Method Washing Drying
502.2/504/504.1/524.2 Detergent wash, rinse with tap 105°C for 1 hour
and digtilled water
505 Detergent wash, rinse with tap 400°C for 1 hour or rinse with
and reagent water acetone
506 Rinse immediately with last 400°C for 1 hour or rinse with
solvent used, wash with hot acetone
water and detergent, rinsewith
tap and reagent water
507/508 Rinse immediately with last 400°C for 1 hour or rinse with
solvent used, wash with hot acetone
water and detergent, rinse with
tap and reagent water
508.1 Detergent wash, rinse with tap 400°C for 2 hours
and reagent water or solvent
rinse
508A no specifications, suggest the no specification, suggest the
same as 515.1/515.2 same as 515.1/515.2
509 Detergent wash, rinse with tap 105°C for 1 hour for septa,
and reagent water 400°C for 1 hour for vias
515.1/515.2 Rinse immediately with last 400°C for 1 hour or rinse with
solvent used, wash with hot acetone
water and detergent, rinsewith
dilute acid, tap and reagent
water
525.2 Detergent wash, rinse with tap air dry or muffle(no specs)
and distilled water or solvent (suggest 400°C for 1 hour)
rinse
531.1/6610 Rinse immediately with last 450°C for 1 hour or rinse with
solvent used, wash with hot acetone
water and detergent, rinse with
tap and reagent water
547/548.1 Rinse immediately with last 400°C for several hours or rinse
solvent used, wash with hot with methanol
water and detergent, rinse with
tap and reagent water
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Method

Washing

Drying

549.1

Rinse immediately with last
solvent used, wash with hot
water and detergent, rinse with
tap and reagent water

130°C for several hoursor rinse
with methanol

550/550.1

Rinse immediately with last
solvent used, wash with hot
water and detergent, rinse with
tap and reagent water

400°C for 15-30 minutes or
rinse with acetone or pesticide
quality hexane

1613

Rinse with solvent, sonicate with
detergent for 30 minutes, rinse
sequentially with methanol, hot
tap water, methanal, acetone and
methylene chloride

Air dry

Metals

Wash with detergent, rinse with
tap water, soak 4 hoursin 20%
(VIV) nitric acid or dilute
nitric(~8%)/
hydrochloric(~17%), rinse with
reagent water

Air dry

Inorganics

Wash with detergent, rinse with
tap and reagent water (use
phosphate free detergent for
o-phosphate analysis)

Air dry
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Table V-2 Approved Methodsfor Primary Inorganic Chemicals, Parametersin the Lead and Copper

Rule, Sodium, and Turbidity [§141.23(k)(1)]

Contaminant M ethodology EPA ASTM?3 SV Other
Antimony ICP-MS 200.8?

Hydride-AA D3697-92

AA-Platform 200.9?

AA-Furnace 3113B
Arsenic ICP 200.7° 3120B

ICP-MS 200.8°

AA-Platform 200.9?

AA-Furnace D2972-93C 3113B

Hydride-AA D2972-93B 3114B
Acbestos TEM 100.1°

TEM 100.2%
Barium ICP 200.7° 3120B

ICP-MS 200.8°

AA-Direct 3111D

AA-Furnace 3113B
Beryllium ICP 200.7° 3120B

ICP-MS 200.8°

AA-Platform 200.9?

AA-Furnace D3645-93B 3113B
Cadmium ICP 200.7°

ICP-MS 200.8°

AA-Platform 200.9?

AA-Furnace 3113B
Chromium ICP 200.7° 3120B

ICP-MS 200.8°

AA-Platform 200.9?

AA-Furnace 3113B
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Contaminant M ethodology EPA ASTM?3 SV Other
Cyanide Man. Didtillation 4500-CN-C
followed by:
Spec., Amenable D2036-91B 4500-CN-G
Spec.Manual D2036-91A 4500-CN-E [-3300-85°
Semi-auto 335.4°
lon Sd. Elec.(ISE) 4500CN-F
Fluoride lon Chromatography 300.0° D4327-91 4110B
Manual Ditill. 4500F-B,D
SPADNS
Manual ISE D1179-93B 4500F-C
Automated |SE 380-75WE™
Auto. Alizarin 4500F-E 129-71Wx
Mercury Manual Cold Vapor 245.1? D3223-91 3112B
Auto. Cold Vapor 2452
ICP-MS 200.8?
Nitrate lon Chromatography 300.0° D4327-91 4110B B-10118
Auto Cd Reduction 353.2° D3867-90A 4500-NO;-F
lon Selective Elec. 4500-NO;-D 601’
Man Cd Reduction D3867-90B 4500-NO;-E
Nitrite lon Chromatography 300.0° D4327-91 4110B B-10118
Auto Cd Reduction 353.2° D3867-90A 4500-NO;-F
Man Cd Reduction D3867-90B 4500-NO;-E
Spectrophotometric 4500-NO,-B
Selenium Hydride-AA D3859-93A 3114B
ICP-MS 200.8?
AA-Platform 200.9
AA-Furnace D3859-93B 3113B
Thallium ICP-MS 200.8?
AA-Platform 200.9
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Contaminant M ethodology EPA ASTM?3 SV Other
Lead AA-Furnace D3559-90D 3113B
ICP-MS 200.8°
AA-Platform 200.9
Copper AA-Furnace D1688-90C 3113B
AA-Direct D1688-90A 3111B
ICP 200.7° 3120B
ICP-MS 200.8°
AA-Platform 200.9
pH Electrometric 150.1* D1293-84 4500-H*-B
150.2*
Conductivity Conductance D1125-91A 2510B
Cacium EDTA titration D511-93A 3500-Ca-D
AA-Direct D511-93B 3111B
ICP 200.7° 3120B
Alkalinity Titration D1067-92B 2320B
Elec. titration 1-1030-85°
Ortho- Color, automated 365.1° 4500-P-F
phosphate ascorbic acid
unfiltered,
no digesion or | Color, D515-88A 4500-P-E
hydrolysis ascorbic acid
Color, 1-1601-85°
phosphomolybdate
AutoSegmented Flow 1-2601-90°
Auto discrete [-2598-85°
lon Chromatography 300.0° D4327-91 4110
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Contaminant M ethodol EPA ASTM?3 SM* Other
Silica Color, [-1700-85°
molybdate blue;
auto seg. flow [-2700-85°
Color D859-88
Molybdosilicate 4500-Si-D
Heteropoly blue 4500-Si-E
Auto. molybdate 4500-S F
reactivesilica
ICP 200.7° 3120B
Temperature Thermometric 2550B
Sodium ICP 200.7°
AA-Direct 3111B
Turbidity Nephelometric® 180.1 2130B GL| Method 2%
FOOTNOTES

1

10

1

12

Methods 150.1, 150.2 and 245.2 are available from US EPA, EMSL, Cincinnati, OH 45268. Theidentical methods were formerly in
"Methods for Chemical Analysis of Water and Wastes," EPA-600/4-79-020, March 1983.

"Methods for the Determination of Metalsin Environmental Samples - Supplement |," EPA-600/R-94-111, May 1994. Availableat NTIS, PB
94-184942.

Annual Book of ASTM Standards, Vols. 11.01 and 11.02, American Society for Testing and Materials, 1916 Race Street, Philadel phia, PA
19103.

Standard Methods for the Examination of Water and Wastewater, 18th Edition, 1992, American Public Health Association, 1015 Fifteenth
Street NW, Washington, D.C. 20005.

Available from Books and Open-File Reports Section, U.S. Geological Survey, Federal Center, Box 25425, Denver, CO 80225-0425.
"Methods for the Determination of Inorganic Substancesin Environmental Samples," EPA-600/R-93-100, August 1993. Availableat NTIS,
PB94-121811.

Technical Bulletin 601 "Standard Method of Test for Nitratein Drinking Water," July 1994, PN 221890-001, ATI Qrion, 529 Main Street,
Boston, MA 02129. Thismethod isidentical to Orion WeWWG/5880, which isapproved for nitrate analysis. AT| Orion republished the
method in 1994, and renumbered it as 601, because the 1985 manual "Orion Guide to Water and Wastewater Analysis," which contained
WeWWG/5880, isno longer available.

Method B-1011, "Waters Test Method for Determination of Nitrite/Nitrate in Water Using Single Column lon Chromatography,” Millipore
Corporation, Waters Chromatography Division, 34 Maple Street, Milford, MA 01757.

Method 100.1, "Analytical Method for Determination of Asbestos Fibersin Water," EPA-600/4-83-043, EPA, September 1983. Available at
NTIS, PB 83-260471.

Method 100.2, "Determination of Asbestos Structure Over 10-pum In Length in Drinking Water," EPA-600/R-94-134, June 1994. Available
at NTIS, PB 94-201902.

Industrial Method No. 129-71W, "Fluoride in Water and Wastewater," December 1972, and Method No. 380-75WE, "Fluoride in Water and
Wastewater," February 1976, Technicon Industrial Systems, Tarrytown, NY 10591.

GLI Method 2, "Turbidity," November 2, 1992, Great L akes Instruments, Inc., 8855 North 55th Street, Milwaukee, Wisconsin 53223
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Table V-3 Approved Methodsfor Primary Organic Chemicals[§141.24(¢e)]

Contaminant

M ethod?®

Benzene

502.2, 524.2

Carbon tetrachloride

502.2, 524.2, 551

Chlorobenzene 502.2, 524.2
1,2-Dichlorobenzene 502.2, 524.2
1,4-Dichlorobenzene 502.2, 524.2
1,2-Dichloroethane 502.2, 524.2
cis-1,2-Dichloroethylene 502.2, 524.2
trans-1,2-Dichloroethylene 502.2, 524.2
Dichloromethane 502.2, 524.2
1,2-Dichloropropane 502.2, 524.2
Ethylbenzene 502.2, 524.2
Styrene 502.2, 524.2

Tetrachloroethylene

502.2, 524.2, 551

1,1,1-Trichloroethane

502.2, 524.2, 551

Trichloroethylene

502.2,524.2, 551

Toluene 502.2, 524.2
1,2,4-Trichlorobenzene 502.2, 524.2
1,1-Dichloroethylene 502.2, 524.2
1,1,2-Trichloroethane 502.2, 524.2
Vinyl chloride 502.2, 524.2
Xylenes (total) 502.2, 524.2
2,3,7,8-TCDD (dioxin) 1613

2,4-D 515.2, 515.1, 555
Alachlor 505, 507, 508.1, 525.2
Atrazine 505, 507, 508.1, 525.2
Benzo(a)pyrene 525.2, 550, 550.1
Carbofuran 531.1, 6610
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Contaminant | M ethod?
Chlordane 505, 508, 508.1, 525.2
Dalapon 515.1, 552.1
Di(2-ethylhexyl)adipate 506, 525.2
Di(2-ethylhexyl)phthal ate 506, 525.2
Dibromochl oropropane (DBCP) 504.1, 551
Dinoseb 515.2,515.1, 555
Diquat 549.1
Endothall 548.1
Endrin 505, 508, 508.1, 525.2
Ethylene dibromide (EDB) 504.1, 551
Glyphosate 547, 6651
Heptachlor 505, 508, 508.1, 525.2
Heptachlor Epoxide 505, 508, 508.1, 525.2
Hexachlorobenzene 505, 508, 508.1, 525.2
Hexachl orocycl opentadiene 505, 508, 508.1, 525.2
Lindane 505, 508, 508.1, 525.2
Methoxychlor 505, 508, 508.1, 525.2
Oxamyl 531.1, 6610
PCBs (as decachl orobiphenyl)? 508A

(asAroclors) 505, 508
Pentachlorophenaol 515.1, 515.2, 525.2, 555
Picloram 515.1, 515.2, 555
Simazine 505, 507, 508.1, 525.2
2,4,5-TP (Silvex) 515.1, 515.2, 555
Toxaphene 505, 508, 525.2
Total Trihalomethanes 502.2, 524.2, 551

A nitrogen-phosphorous detector should be substituted for the electron capture detector in Method 505 (or
another approved method should be used) to determine alachlor, atrazine and simazine, if lower detection limits
are required.

2 PCBs are qualitatively identified as Aroclors and measured for compliance purposes as decachl orobiphenyl
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using Method 508A.

3 Methods 502.2, 505, 507, 508, 508A, 515.1 and 531.1 are in Methods for the Determination of Organic
Compounds in Drinking Water, EPA-600/4-88-039, December 1988, Revised, July 1991. Methods 506, 547,
550, 550.1 and 551 arein Methods for the Determination of Organic Compounds in Drinking Water -
Supplement |, EPA-600-4-90-020, July 1990. Methods 515.2, 524.2, 548.1, 549.1, 552.1 and 555 are in Methods
for the Determination of Organic Compounds in Drinking Water - Supplement 11, EPA-600/R-92-129, August
1992. Method 1613, Tetra-Through Octa- Chlorinated Dioxins and Furans by Isotopic Dilution HRGC/HRMS,
EPA-81/B-94-003, October 1994 These documents are available from the National Technical Information
Service, NTIS PB91-231480, PB91-146027 and PB92-207703 and PB95-104774, U.S. Department of Commerce,
5285 Port Royal Road, Springfield, Virginia 22161. The toll-free number is 800-553-6847. Method 1613 is
available from USEPA Office of Water Resource Center (RC-4100), 401 M. Street S.W., Washington, D.C.
20460. The phone number is 202-260-7786. EPA Methods 504.1, 508.1 and 525.2 are available from US EPA
NERL, Cincinnati, OH 45268. The phone number is (513)-569-7586. Method 6651 is contained in the 18th
edition of Sandard Methods for the Examination of Water and Wastewater, 1992, and Method 6610 is contained
in the Supplement to the 18th edition of Sandard Methods for the Examination of Water and Wastewater, 1994,
American Public Health Association, 1015 Fifteenth Street NW, Washington, D.C. 20005.
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Table1V-4 Approved Methodsfor " Unregulated” Contaminants (8141.40)

Regulations specified in §141.40 require monitoring for certain contaminants to which maximum
contaminant levels do not apply. These chemicals are called "unregulated" contaminants, and presently include
sulfate, 34 volatile organic chemicals (VOCs) and 13 synthetic organic chemicals (SOCs).

Analysis for the 34 unregulated VOCs listed under paragraphs () and (j) of §141.40 shall be conducted
using the following recommended methods, or their equivalent as determined by EPA.

"Unregulated" VOC Contaminants M ethod

Chloroform 502.2, 524.2, 551

Bromodichloromethane 502.2, 524.2, 551

Bromoform 502.2, 524.2, 551

Chlorodibromomethane 502.2, 524.2, 551

Bromaobenzene 502.2, 524.2
Bromomethane 502.2, 524.2
Chloroethane 502.2, 524.2
Chloromethane 502.2, 524.2
o-Chlorotoluene 502.2, 524.2
p-Chlorotoluene 502.2, 524.2
Dibromomethane 502.2, 524.2
m-Dichlorobenzene 502.2, 524.2
1,1-Dichloroethane 502.2, 524.2
1,3-Dichloropropane 502.2, 524.2
2,2-Dichloropropane 502.2, 524.2
1,1-Dichloropropene 502.2, 524.2
1,3-Dichloropropene 502.2, 524.2
1,1,2,2-Tetrachloroethane 502.2, 524.2
1,1,1,2-Tetrachloroethane 502.2, 524.2

1,2,3-Trichloropropane

502.2,524.2, 504.1

State Discretionary Contaminants METHODS
Bromochloromethane 502.2, 524.2
n-Butylbenzene 502.2, 524.2
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State Discretionary Contaminants METHODS
sec-Butylbenzene 502.2, 524.2
tert-Butylbenzene 502.2, 524.2
Dichlorodifluoromethane 502.2, 524.2
Fluorotrichloromethane 502.2, 524.2
Hexachlorobutadiene 502.2, 524.2
| sopropyl benzene 502.2, 524.2
p-1sopropyltoluene 502.2, 524.2
Naphthalene 502.2, 524.2
n-Propylbenzene 502.2, 524.2
1,2,3-Trichlorobenzene 502.2, 524.2
1,2,4-Trimethylbenzene 502.2, 524.2
1,3,5-Trimethylbenzene 502.2, 524.2

Analysis for the 13 unregulated SOCs listed under paragraph (n)(11) of §141.40 shall be conducted using the

following recommended methods.

" Unregulated" SOC Contaminants M ethods

Aldicarb 531.1, 6610*
Aldicarb sulfone 531.1, 6610*
Aldicarb sulfoxide 531.1, 6610*

Aldrin 505, 508, 525.2, 508.|
Butachlor 507, 525.2

Carbaryl 531.1, 6610*
Dicamba 515.1, 515.2, 555
Diedrin 505, 508, 525.2, 508.1
3-Hydroxycarbofuran 531.1, 6610*
Methomyl 531.1, 6610*
Metolachlor 507, 525.2, 508.1
Metribuzin 507, 525.2, 508.1
Propachlor 508, 525.2, 508.1
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Analysis for the unregul ated inorganic contaminant listed under paragraph (n)(12) of 8141.40 shall be conducted
using the following recommended methods.

"Unregulated" Inorganic Methods
Contaminants EPA ASTM SM
Nickel 200.7 3120B
200.8
200.9
3111B
3113B
Sulfate 300.0 D4327-91 4110B
375.2 4500-SO,-F
4500-SO,-C,D

* A Standard Methods method.

Sources for the Standard Methods and ASTM sulfate methods are referenced above under methods for inorganic
chemicals. The EPA methods are contained in "Methods for the Determination of Inorganic Substancesin
Environmental Samples," EPA-600/R-93-100, August 1993, which isavailable at NTIS, PB94-121811.
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Table V-5 Approved Methodsfor Disinfectant Residuals

Public water systems must measure residual disinfectant concentrations with one of the analytical methods in the
following table. The methods are contained in the 18th edition of Sandard Methods for the Examination of
Water and Wastewater.

Residual® M ethodology SMm3

Free Chlorine? Amperometric Titration 4500-CI D
DPD Ferrous Titrimetric 4500-Cl F
DPD Colorimetric 4500-Cl G
Syringaldahyde (FACTS) 4500-Cl H

Total Chlorine? Amperometric Titration 4500-Cl D
Amperometric Titration 4500-Cl E
(low level measurement)
DPD Ferrous Titrimetric 4500-Cl F
DPD Colorimetric 4500-Cl G
lodometric Electrode 4500-Cl |

Chlorine Dioxide Amperometric Titration 4500-CIO, C
DPD Method 4500-ClO, D
Amperometric Titration 4500-CIO, E

Ozone Indigo Method 4500-0, B

Footnotes

1 If approved by the State, residual disinfectant concentrations for free chlorine and combined chlorine also may
be measured by using DPD colorimetric test kits.

2 Free and total chlorine residuals may be measured continuously by adapting a specified chlorine residual method
for use with a continuous monitoring instrument provided the chemistry, accuracy, and precision of the
measurement remain the same. Instruments used for continuous monitoring must be calibrated with a grab
sample measurement at least every five days, or with protocol approved by the State.

3 Sandard Methods for the Examination of Water and Wastewater, 18th Edition, 1992
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Table V-6 Recommended Methods for Secondary Drinking Water Contaminants

Analyses of aluminum, chloride, color, copper, fluoride, foaming agents, iron, manganese, odor, silver, sulfate,
total dissolved solids (TDS) and zinc to determine compliance under §143.3 may be conducted with the methods
in thefollowing Table. Criteriafor analyzing aluminum, copper, iron, manganese, silver, and zinc samples with
digestion or directly without digestion, and other mandatory procedures are contained in the Technical Notesin
Section 1V of this document. Measurement of pH may be conducted with one of the methods listed above in
Section | under "Methods for Inorganic Chemicals."

Contaminant EPA ASTM? SM? Other
Aluminum 200.7° 3120B
200.8° 3113B
200.9° 3111D
Chloride 300.0 D4327-91 4110B
4500-Cl-D
Color 2120B
Foaming Agents 5540C
Iron 200.73 3120B
200.9° 3111B
3113B
Manganese 200.73 3120B
200.8° 3111B
200.9° 3113B
Odor 2150B
Silver 200.73 3120B [-3720-85°
200.8° 3111B
200.9° 3113B
Sulfate 300.0 D4327-91 4110B
375.2 4500-SO,-F
4500-SO,-C,.D
TDS 2540C
Zinc 200.73 3120B
200.8° 3111B
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Footnotes

! Annual Book of ASTM Sandards, Vols. 11.01 and 11.02, American Society for Testing and Materials, 1916
Race Street, Philadelphia, PA 19103.

2 Sandard Methods for the Examination of Water and Wastewater, 18th Edition, 1992, American Public Health
Association, 1015 Fifteenth Street NW, Washington, D.C. 20005.

3 "Methods for the Determination of Metalsin Environmental Samples - Supplement |," EPA-600/R-94-111, May
1994. Availableat NTIS, PB94-184942.

4 "Methods for the Determination of Inorganic Substances in Environmental Samples," EPA-600/R-93-100,
August 1993. Available at NTIS, PB94-121811.

% Industrial Method No. 129-71W, "Fluoride in Water and Wastewater," December 1972, and Method No. 380-
75WE, "Fluoride in Water and Wastewater," February 1976, Technicon Industrial Systems, Tarrytown, NY
10591.

5 Available from Books and Open-File Reports Section, U.S. Geological Survey, Federal Center, Box 25425,
Denver, CO 80225-0425.
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Table V-7 Preservation and Holding Timesfor Regulated Parameters

Parameter/ Preservative Sample Holding | Extract Holding Suggested Type of
M ethod Time Time Sample Size Container
Metals HNO, pH<2 6 months 1L Pastic or Glass
(except Hg)
Mercury HNO, pH<2 28 days 100 mL Plastic or Glass
Alkalinity Cool, 4C 14 days 100 mL Plastic or Glass
Asbestos Cooal, 4C 48 hours Plastic or Glass
Chloride none 28 days 50 mL Plastic or Glass
Residual none immediately 200 mL Plastic or Glass
Disinfectant
Color Cooal, 4C 48 hours 50 mL Plastic or Glass
Conductivity Cooal, 4C 28 days 100 mL Plastic or Glass
Cyanide Cool, 4C, 14 days 1L Plastic or Glass
Ascorbic acid (if
chlorinated),
NaOH pH>12
Fluoride none 28 days 300 mL Plastic or Glass
Foaming Agents | Cool, 4C 48 hours
Nitrate Coadl, 4C 28 days 100 mL Plagtic or Glass
(chlorinated)
Nitrate Cool, 4C, 14 days 100 mL Plastic or Glass
(non chlorinated) | H,SO,, pH<2
Nitrite Cooal, 4C 48 hours 50 mL Plastic or Glass
Odor Cool, 4C 24 hours 200 mL Glass
pH none immediately 25 mL Pastic or Glass
o-Phosphate Filter 48 hours 50 mL Plastic or Glass
immediately,
Cooal, 4C
Silica Cooal, 4C 28 days 100 mL Plastic
Solids (TDS) Cool, 4C 7 days 100 mL Plastic or Glass
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Par ameter/ Preservative Sample Holding | Extract Holding Suggested Type of
Method Time Time Sample Size Container
Sulfate Coadl, 4C 28 days 50 mL Plastic or Glass
Temperature none immediately 1L Pastic or Glass
Turbidity Coadl, 4C 48 hours 100 mL Plagtic or Glass
502.2 Sodium 14 days 40-120 mL Glasswith Teflon
Thiosulfate Lined Septum
or Ascorbic
Acid, 4C, HCI
pH<2
504.1 Sodium 14 days 4C, 24 hours 40 mL Glasswith Teflon
Thiosulfate Lined Septum
Cooal, 4C,
505 Sodium 14 days 4C, 24 hours 40 mL Glasswith Teflon
Thiosulfate (7 daysfor Lined Septum
Coadl, 4C Heptachlor)
506 Sodium 14 days 4C, dark 1L Amber Glasswith
Thiosulfate 14 days Teflon lined Cap
Cool, 4C, Dark
507 Sodium 14 days(see 4C, dark 1L Amber Glass with
Thiosulfate method for 14 days Teflon Lined Cap
Coadl, 4C, Dark exceptions)
508 Sodium 7 days (see 4C, dark 1L Glasswith Teflon
Thiosulfate method for 14 days Lined Cap
Coadl, 4C, Dark exceptions)
508A Cool, 4C 14 days 30 days 1L Glass with Teflon
Lined Cap
508.1 Sodium Sulfite 14 days (see 30 days 1L Glasswith Teflon
HCI pH<2 method for Lined Cap
Coadl, 4C exceptions)
515.1 Sodium 14 days 4C, dark 1L Amber Glasswith
Thiosulfate 28 days Teflon Lined Cap
Cool, 4C, Dark
515.2 Sodium 14 days <4C, dark 1L Amber Glasswith
Thiosulfate 14 days Teflon Lined Cap
HCI pH<2
Cool, 4C, Dark
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Par ameter/ Preservative Sample Holding | Extract Holding Suggested Type of
Method Time Time Sample Size Container

524.2 Ascorbic Acid 14 days 40-120 mL Glasswith Teflon
HCI pH<2, Cool Lined Septum
4C

525.2 Sodium Sulfite, 14 days (see 30 days from 1L Amber Glasswith
Dark, method for collection Teflon Lined Cap
Coal, 4C, HCI exceptions)
pH<2

531.1, 6610 Sodium Cool 4C 28 days 60 mL Glass with Teflon
Thiosulfate, Lined Septum
Monochl oroacet
ic acid, pH<3,
Cool, 4C

547 Sodium 14 days(18 60 mL Glasswith Teflon
Thiosulfate mo.frozen) Lined Septum
Cool, 4C

548.1 Sodium 7 days 14 days <4C > 250 mL Amber Glasswith
Thiosulfate Teflon
(HCI pH 1.5-2 if Lined Septum
high biological
activity)
Cool, 4C, Dark

549.1 Sodium 7 days 21 days > 250mL High Density
Thiosulfate, Amber Plastic or
(H,SO, pH<2 if Silanized Amber
biologically Glass
active)
Cool, 4C, Dark

550, 550.1 Sodium 7 days 550, 30 days 1L Amber Glasswith
Thiosulfate 550.1, 40 days Teflon Lined Cap
Cool, 4C, HCI Dark, 4C
pH<2

551 Sodium 14 days > 40 mL Glasswith Teflon
Thiosulfate, Lined Septum
Sodium Sulfite,
Ammonium
Chloride, or
Ascorbic Acid,
HCL pH 4.5-5.0
Cool, 4C

555 Sodium Sulfite 14 days > 100 mL Glasswith Teflon
HCI, pH<2 lined cap
Dark, Cool 4C
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Parameter/ Preservative Sample Holding | Extract Holding Suggested Type of
Method Time Time Sample Size Container
1613B Sodium Recommend 1L Amber Glasswith
Thiosulfate 40 days Teflon Lined Cap
Cool, 0-4C,
Dark

1V-28




Table V-8 Detection Limit Requirementsin the CFR (mg/l)

Inor ganics MCL* MCLG Detection Limit Required to
Composite [§141.23(a)(4)]

Asbestos 7 MFL 7 MFL 1.4 MFL

Cyanide 0.2 0.2 0.04

Fluoride 4.0 0.8

Nitrate 10 10 2

Nitrite 1 1 0.2

* The monitoring trigger for theinorganicsisthe
MCL except for both nitrate and nitrite, which are 1/2 the MCL

Metals MCL * MCLG Detection Limit Required to
Composite [§141.23(a)(4)]

Antimony 0.006 0.006 0.001

Arsenic 0.05 - 0.01

Barium 2 2 0.4

Beryllium 0.004 0.004 0.0008

Cadmium 0.005 0.005 0.001

Chromium 0.1 0.1 0.02

Copper** 13 13 0.001
0.02 (for direct aspiration AA)

Lead** 0.015 Zero 0.001

Mercury 0.002 0.002 0.0004

Sdlenium 0.05 0.05 0.01

Thallium 0.002 0.0005 0.0004

* The monitoring trigger for metalsis
the MCL unless compositing, then 1/5 MCL isrequired
**Action Level
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TABLE 1V-8 Detection Limit Requirementsin the CFR (mg/L)

Volatile Organics MCL MCLG Required MDL
THMSs 0.10 NA NA
Benzene 0.005 Zero 0.0005
Carbon tetrachloride 0.005 Zero 0.0005
Chlorobenzene 0.1 0.1 0.0005
o-Dichlorobenzene 0.6 0.6 0.0005
p-Dichlorobenzene 0.075 0.075 0.0005
1.2-Dichloroethane 0.005 Zero 0.0005
1,1-Dichloroethylene 0.007 0.007 0.0005
c-1,2-Dichloroethylene 0.07 0.07 0.0005
t-1,2-Dichloroethylene 0.1 0.1 0.0005
Dichloromethane 0.005 Zero 0.0005
1,2-Dichloropropane 0.005 zero 0.0005
Ethylbenzene 0.7 0.7 0.0005
Styrene 0.1 0.1 0.0005
Tetrachloroethylene 0.005 zero 0.0005
Toluene 1 1 0.0005
1,2,4-Trichlorobenzene 0.07 0.07 0.0005
1,1,1-Trichloroethane 0.2 0.2 0.0005
1,1,2-Trichloroethane 0.005 0.003 0.0005
Trichloroethylene 0.005 zero 0.0005
Vinyl chloride 0.002 zero 0.0004
Xylenes 10 10 0.0005

* A laboratory must be able to achieve an MDL of 0.5 n.g/L to be
certified to analyze samples for compliance monitoring [8141.24(f)(17)(i)(E) and (ii)(C)].
Thisis also the monitoring trigger for VOCs [§141.24(f)(11)].
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TABLE 1V-8 Detection Limit Requirementsin the CFR (mg/l)

SOCs MCL MCLG Monitoring Trigger*
Alachlor 0.002 zero 0.0002
Atrazine 0.003 0.003 0.0001
Benzo(a)pyrene 0.0002 zero 0.00002
Carbofuran 0.04 0.04 0.0009
Chlordane 0.002 zero 0.0002
2,4-D 0.07 0.07 0.0001
Di(2-ethylhexyl)adipate 0.4 0.4 0.0006
Di(2-ethylhexyl)phthal ate 0.006 zero 0.0006
Dibromochloropropane (DBCP) 0.0002 zero 0.00002
Dalapon 0.2 0.2 0.001
Dinoseb 0.007 0.007 0.0002
Dioxin (2,3,7,8-TCDD) 3x10°% zZero 5x10°
Diquat 0.02 0.02 0.0004
Endothall 0.1 0.1 0.009
Endrin 0.002 0.002 0.00001
Ethylenedibromide (EDB) 0.00005 zero 0.00001
Glyphosate 0.7 0.7 0.006
Heptachlor 0.0004 zero 0.00004
Heptachlor Epoxide 0.0002 zero 0.00002
Hexachlorobenzene 0.001 zero 0.0001
Hexachlorocyclopentadiene 0.05 0.05 0.0001
Lindane 0.0002 0.0002 0.00002
Methoxychlor 0.04 0.04 0.0001
Oxamyl 0.2 0.2 0.002
PCBs (as decachlorobiphenyl) 0.0005 zero 0.0001
Pentachl orophenol 0.001 zero 0.00004
Picloram 0.5 0.5 0.0001
Simazine 0.004 0.004 0.00007
Toxaphene 0.003 zero 0.001
2,4,5-TP (Silvex) 0.05 0.05 0.0002

*The monitoring triggers for SOCs listed in the regulation are also required for compositing but
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are not required by regulation for certification [8141.24(g)(7), (10)(i) and (18)].
Table V-9 Performance Evaluation Sample Acceptance Criteriain the CFR
Primary and Secondary Drinking Water Regulations [§141.23(k)(3)(ii) and 141.24(f)(17) and (19)]

Regulated Par ameter MCL/[SMCL] MCLG Acceptance
mg/L mg/L Limit

METALS

Aluminum [0.05-0.2] -

Antimony 0.006 0.006 + 30%

Arsenic 0.05 -

Barium 2 2 + 15%

Beryllium 0.004 0.004 + 15%

Cadmium 0.005 0.005 +20%

Calcium - -

Chromium 0.1 0.1 + 15%

Copper 1.3/90% 13 + 10%
[1.0]

Iron [0.3] -

Lead 0.015/90% zero + 30%

Manganese [0.09] -

Mercury 0.002 0.002 + 30%

Selenium 0.05 0.05 +20%

Silica - .

Silver [0.1]

Sodium 20 -

Thallium 0.002 0.0005 + 30%

! Recommended Level
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Regulated Par ameter

Zinc

MCL/[SMCL]
mg/L

[5.0]

MCLG
mg/L

Acceptance
Limit
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Regulated Par ameter MCL/[SMCL] MCLG Acceptance
mg/L mg/L Limit
INORGANICS
Alkalinity - -
Asbestos TMF/L>10u TMF/L>10u 2 Std Dev
Chloride [250] -
Residual Disinfectant detectable -
Color [15cu] -
Conductivity - -
Corrosivity [non-corrosive] -
Cyanide 0.2 0.2 + 25%
Fluoride 4.0 - + 10%
[2.0]
Foaming Agents [0.5] -
Nitrate (as N) 10 10 +10%
Nitrite (as N) 1 1 +15%
Nitrate/Nitrite (as N) 10 10
Odor [3ton] -
pH 6.5-8.5 -
[6.5-8.5]
o-Phosphate - -
Solids(TDS) [500] -
Sulfate deferred deferred
[250]
Temperature - -
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Regulated Par ameter MCL/[SMCL] MCLG Acceptance
mg/L mg/L Limit
VOLATILES
Trihalomethanes(Total) 0.10 +20%
Benzene 0.005 zero *
Carbon tetrachloride 0.005 zero *
Chlorobenzene 0.1 0.1 *
p-Dichlorobenzene 0.075 0.075 *
[0.005]
o-Dichlorobenzene 0.6 0.6 *
1,2-Dichloroethane 0.005 zero *
1,1-Dichloroethylene 0.007 0.007 *
c-1,2-Dichloroethylene 0.07 0.07 *
t-1,2-Dichloroethylene 0.1 0.1 *
Dichloromethane 0.005 zero *
1,2-Dichloropropane 0.005 zero *
Ethylbenzene 0.7 0.7 *
Styrene 0.1 0.1 *
Tetrachloroethylene 0.005 zero *
Toluene 1 1 *
1,2,4-Trichlorobenzene 0.07 0.07 *
1,1,1-Trichloroethane 0.2 0.2 *
1,1,2-Trichloroethane 0.005 0.003 *
Trichloroethylene 0.005 zero *
Vinyl chloride 0.002 zero + 40%
Xylenes(Total) 10 10 *
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Regulated Par ameter MCL/[SMCL] MCLG Acceptance
mg/L mg/L Limit
SYNTHETIC ORGANICS
Alachlor 0.002 zero +45%
Aldicarb Postponed Postponed 2 Std Dev
Aldicarb Sulfoxide Postponed Postponed 2 Std Dev
Aldicarb Sulfone Postponed Postponed 2 Std Dev
Atrazine 0.003 0.003 +45%
Carbofuran 0.04 0.04 +45%
Chlordane 0.002 Zero +45%
2,4-D 0.07 0.07 + 50%
Dalapon 0.2 0.2 2 Std Dev
Dibromochl oropropane(DBCP) 0.0002 zero + 40%
Dinoseb 0.007 0.007 2 Std Dev
Diquat 0.02 0.02 2 Std Dev
Endothall 0.1 0.1 2 Std Dev
Endrin 0.002 0.002 + 30%
Ethylenedibromide(EDB) 0.00005 zero +40%
Glyphosate 0.7 0.7 2 Std Dev
Heptachlor 0.0004 zero +45%
Heptachlor epoxide 0.0002 zero +45%
Lindane 0.0002 0.0002 +45%
Methoxychlor 0.04 0.04 +45%
Oxamyl (Vydate) 0.2 0.2 2 Std Dev
Pentachl orophenol 0.001 zero + 50%
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Regulated Par ameter MCL/[SMCL] MCLG Acceptance
mg/L mg/L Limit
Picloram 0.5 0.5 2 Std Dev
Simazine 0.004 0.004 2 Std Dev
Toxaphene 0.003 zero +45%
2,4,5-TP(Silvex) 0.05 0.05 + 50%
Hexachlorobenzene 0.001 zero 2 Std Dev
Hexachl orocyclopentadiene 0.05 0.05 2 Std Dev
Benzo(a)pyrene 0.0002 zero 2 Std Dev
PCBs 0.0005 zero 0-200%
(as decachl orobiphenyl)
2,3,7,8-TCDD( Dioxin) 3x10°® zero 2 Std Dev
Acrylamide Treatment zero NA
Epichlorohydrin Treatment zero NA
Di(2-ethylhexyl)adipate 04 04 2 Std Dev
Di(2-ethylhexyl)phthal ate 0.006 zero 2 Std Dev

* the acceptance limits for VOCs are £20% at > 0.010mg/L and +40% at <0.010mg/L

NA - Not Applicable
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Sample Checklistsfor On-Site Evaluation of Laboratories |nvolved in Analysis of Public Water Supplies

CHEMISTRY

Laboratory

Street

City, State

Zip

Telephone No.
Fax No.

Audit Team Leader

Audit Team Members

Audit Team Affiliation

Date
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Laboratory

L ocation

Evaluator

Date

PHYSICAL FACILITY

Item

Acceptable
Yes No

Comments

Environment

Heating/Cooling/Humidity

Lighting

Ventilation/Exhaust hoods

Cleanliness

Electrical and water services

Work Space

Separation of incompatible testing areas

Controlled access where appropriate

Housekeeping

Unencumbered access

Adequate work space

Storage

Chemicals properly stored and dated

Standards properly stored, dated and
|abeled with concentration,
preparer's name and solvent, origin,
purity & traceability

Computers & automated equipment

Safety procedures
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Laboratory

Evaluator

L ocation

Date

PERSONNEL (Use additional paper if necessary.)

Position/ Title Name

Education Level
Degree/Major*

Specialized
Training

Present
Specialty

Experience

Laboratory
Director

Manager

Supervisors

Instrument
Operators

AA

TEM

HPLC

GC

ICP

GC/IMS

IC

Other analysts

Yes No

Comments

An organization chart available

QA manager has line authority

Personnel job descriptions and resumes
available

Personnel training documented
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*If the major isnot in chemistry, list hours of college level coursesin chemistry.
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Laboratory Evaluator

L ocation Date

QUALITY ASSURANCE AND DATA REPORTING

Item Comments Satisfactory
Yes No

QA plan

Organization

Sampling
SOPs available and used
Preservation
Containers
Holding times
Samplerstrained

Sample Rejection

Laboratory sample handling
Log in procedure
Bound log book or secure
computer log in
Storage
Tracking

Analytical Methods
Written methods available
Approved methods used
SOPs available and used

Calibration
Type and frequency
Source of standards
Data comparability
Instrument tuning

Blanks
Trip
Field
Method

Method Detection Limits
Initial
Fregquency
Acceptability

Precision and Accuracy
Initial
Frequency
Acceptability
Control charts
Laboratory fortified blanks
Matrix duplicates
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Item

Comments

Satisfactory
Yes No

Other QC Checks
Performance check samples
Internal and surrogate standards
Matrix spikes and replicates

Qualitative I dentification/
Confirmation

Per for mance Evaluation
Samples Analyzed

Data Reduction and Validation
Calculations
Transcription
Significant Figures
Validation

Preventive M aintenance

Recor ds Retention

Corrective Action

1V-44




Laboratory Evaluator

L ocation Date

Item

No. of
Units

M ethod

M anufacturer

M odel

Satisfactory
Yes No

Analytical Balance

0.1 mg readability

Stable base

ASTM type 1 or 2 weights (formerly Class S)
Service contracts

Magnetic Stirrer
Variable speed, TFE coated stir bar

pH Meter

Accuracy +0.1 units

Line or battery

Usable with specific ion e ectrodes

Conductivity Meter
Readable in ohms or mhos
Range of 2 ohmsto 2 mhos
Line or battery

Hot Plate - temp control

Centrifuge
To 3000 rpm, Option of 4 x 50 mL

Color Standards
To verify wavel engths photometers
Should cover 200-800 nm
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Item

No. of
Units

M ethod

M anufacturer

M odel

Satisfactory
Yes No

Refrigerator /Freezer
Standard laboratory, explosion proof for organics
Capable of maintaining nominal temperature of
4C

Drying Oven

Gravity or convection

Controlled from room temp to 180°C or
higher(x2°C)

M uffle Fur nace
To 450°C for cleaning organic glassware

Thermometer
Mercury filled Celsius
1°C or finer subdivision to 180°C
NBS Certified or traceable

Glassware
Borosilicate
Volumetrics should be Class A

Spectrophotometer Cyanide, Fluoride
Range 400 - 700 nm Disinfectants
Band width - < 20 nm Mercury
Use several size & shape cdls Nitrate/Nitrite
Path length 1-5cm 0-Phosphate

Sulfate, Silica

Filter Photometer same as above

Range 400 - 700 nm

Band width 10 -70 nm

Use several size & shape cdls
Pathlength 1-5cm
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Item No. of Method M anufacturer M odel Satisfactory
Units Yes No
Amperometric Titrator Disinfectants
Specific lon Meter Cyanide
Accuracy + 1 mvV Fluoride
Nitrate
Inductively Coupled Plasma
(sequential,ss multaneous)
Computer controlled 200.7, 3120B
Background correction
Radio frequency generator
Argon gas supply
Mass Spectrometer 200.8
Range 5-250 amu
Resolution 1 amu peak
width at 5% peak height
Water Bath Mercury
Electric or steam heat Nitrate
Contrallable within 5°C to 100°C Pesticides

Ion Chromatogr aph
Conductivity detector, UV detector
Suppressor column, Separator column

Fluoride, Chloride

Nitrate/Nitrite
o-Phosphate
Sulfate
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Item

No. of
Units

M ethod

M anufacturer

M odel

Satisfactory
Yes No

Atomic Absor ption

Spectrophotometer

Single channel, Single or double beam

Grating monochrometer

Photo multiplier detector

Adjustable dits, Range 190-800 nm

Readout system:
Response time compatible with AA

Ableto detect positive interference for furnace
Chart recorder, CRT or hard copy printer

Metals

Air/Acetylene Barium, Calcium
commercial grade Nickel, Sodium
Copper
Nitrous Oxide - comm. grade Barium
Graphite Furnace Antimony, Lead
Argon or Nitrogen (commercial grade) Arsenic, Barium
Reach required temperatures Beryllium
Background corrector provision for offline Cadmium, Nickel
analysis Chromium
Pipets and tips Selenium
microliter capacity with disposable tips Thallium
5-100 microliters Copper
metal freetips
Arsine Generator

Arsenic, Selenium

Hydride Generator
hydrogen, commercial grade

Antimony
Arsenic, Selenium
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Item

No. of
Units

M ethod

M anufacturer

M odel

Satisfactory
Yes No

Mercury Analyzer
Spectrophotometer
Dedicated analyzer having a mercury lamp
acceptable
Adsorption cdl:
10 cm quartz cell with quartz end windows or
11.5 cm plexiglass cell with 2.5 cm ID
Air pump to deliver flow of at least
1L/min
Aeration tube with coarse glass frit
Flowmeter to measure air flow of 1 L/min
Drying unit:
6 in. tube with 20 grams magnesium
perchlorate or heating device or lamp to
prevent condensation on cell

Mercury

Glassware
Separatory funnels
Kuderna Danish (K-D) concentrators

SOCs

Gas Chromatogr aph
Split/splitlessinjection

Oven temp. control = 0.2°C

Recorder, hard copy

Oven temp. programmer

Sub-ambient accessory

Variable-constant differential flow control

Organics

Electron Capture detector
Linearized

504.1, 505

508, 508.1
508A, 515.1
515.2, 551, 552.1
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Item

No. of
Units

M ethod

M anufacturer

M odel

Satisfactory
Yes No

Electrolytic Conductivity/Photoionization
detector

502.2
506 (PID only)

Nitrogen Phosphorus detector

507

M ass spectr ometer
(quadrupole or ion trap)

All glass enrichment device
All glass transfer line
Electron ionization at > 70 eV
Scanning 35-260 amu <2 sec
Interfaced data system

524.2, 525.2
548.1

Purge & Trap system
All glass purger
5/25 mL sample size

502.2, 524.2
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Item

No. of
Units

M ethod

M anufacturer

M odel

Satisfactory
Yes No

High Performance Liquid Chromatogr aph
Constant flow
Capable of injecting

20-500 w.L

Gradient system
post-column reactor
fluorescence detector
excitation at 330 nm (2307?)
detection at >418 nm

Gradient system
UV detector at 254 nm
fluorescence detector
excitation at 280 nm
detection at > 389 nm

Isocratic system
photodiode array detector
excitation at 257 nm
detection at >308 nm

Isocratic system
post-column reactor
fluorescence detector

excitation at 340 nm
detection at >455 nm

Gradient system
photodiode array/UV detector
210-310 nm

531.1, 6610

550, 550.1

549.1

547

555
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Item No. of Method M anufacturer M odel Satisfactory
Units Yes No
Auto Analysis System Cyanide, Silica
multi-channe pump Fluoride
manifold, colorimeter Nitrate/nitrite
o-Phosphate
Sulfate
Transmission Electron Microscope Asbestos

80 kV

300-100,000X magnification
1 nm resolution

calibrate screen

SAED and ED
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Laboratory Evaluator

L ocation Date

METHODOLOGY

Contaminant Method(s) Reference SamplesMo | Satisfactory
Name/Number and revision Cite source, year, page Yes No

Antimony

Arsenic

Barium

Beryllium

Cadmium

Chromium

Copper

Lead

Mercury

Salenium

Thallium

Alkalinity

Calcium

o-Phosphate

Silica

Temperature
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Contaminant

M ethod(s)
Name/Number and revision

Reference
Cite source, year, page

Samples/M o

Satisfactory
Yes No

Asbestos

Cyanide

Fluoride

Nitrate

Nitrite

Total THMs

VOCs

Herbicides

Pesticides

EDB/DBCP

Dioxin

Other SOCs

PCBs

Carbamates

Diquat

Endothall

Glyphosate

Chlorine

Chlorine dioxide
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Contaminant

Ozone
I ——————————

M ethod(s)
Name/Number and revision

Reference
Cite source, year, page

Samples/M o

Satisfactory
Yes No

Unregulated VOCs

Unregulated
Pesticides

Unregulated
Herbicides

Unregulated
Carbamates

Aluminum

Chloride

Color

Foaming agents

Iron

Manganese

Nickel

Odor

Silver

Sodium

Sulfate

TDS
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Contaminant

M ethod(s)
Name/Number and revision

Reference
Cite source, year, page

Samples/M o

Satisfactory
Yes No

Turbidity

Zinc

Laboratory

Evaluator

L ocation

Date

SAMPLE COLLECTION

Item

Comments

Satisfactory
Yes No

Trained Sample Collector

Representative sampling

Complete sample form

Appropriate sampling
and preservation
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Item

Comments

Satisfactory
Yes No

Samples exceeding
holding times discarded

VOCs & THMs
Hermetic sed
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Laboratory Evaluator

L ocation Date

SAMPLE HANDLING AND PRESERVATION

Contaminant Container Preservatives Holding Time Satisfactory
material & size Sample Extract Yes No

Mercury

Metals

Silica

Asbestos

Cyanide

Fluoride

Nitrate

Nitrite

Alkalinity

o-Phosphate

Total THMs

VOCs

Herbicides

Pesticides

EDB/DBCP
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Contaminant

Container
material & size

Preservatives

Holding Time

Sample Extract

Satisfactory
Yes No

Dioxin

Other SOCs

Carbamates

Diquat

Endothall

Glyphosate

Residual
Disinfectants

Conductivity

pH

Temperature

Turbidity

Chloride

Color

Foaming agents

Odor

Sulfate

TDS
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Chapter V
Critical Elementsfor Microbiology

Note: This chapter uses the term "must” to refer to certification criteria that are required by the National Primary
Drinking Water Regulations which include the approved drinking water methods. The term "should" is used for
procedures that, while not specifically required by the regulations, are considered good laboratory practice for quality
assurance. To assure the validity of the data, it is critical that laboratories observe both the regulatory and non-
regulatory criteria. Certification Officers have the prerogative to refuse certification if the quality control data are
judged unsatisfactory or insufficient.

Note: Referencesto Standard Methods for the Examination of Water and Wastewater are to the 18th edition (1992)

1. Per sonnel

11 Supervisor/Consultant

The supervisor of the microbiology laboratory should have abachel or's degreein microbiol ogy, biology, or equivalent.
Supervisors who have a degree in a subject other than microbiology should have had at least one college-level
microbiol ogy laboratory coursein which environmental microbiol ogy was covered. 1n addition, the supervisor should
have a minimum of two weeks training at a Federal agency, State agency, or academic institution in microbiological
analysis of drinking water or, 80 hours of on-the-job training in water microbiology at a certified laboratory, or other
training acceptable to the State or EPA. If a supervisor is not available, a consultant having the same qualifications
may be substituted, aslong asthelaboratory can document that the consultant is acceptableto the State and is present
on-site frequently enough to satisfactorily perform a supervisor's duties.

Thelaboratory supervisor hastheresponsibility toinsurethat al laboratory personnel have demonstrated their ability
to satisfactorily perform the analyses to which they are assigned and that all data reported by the laboratory meet the
required quality assurance and regulatory criteria.

12 Analyst (or equivalent job title)

Theanalyst should perform microbiol ogical testswith minimal supervision, and haveat least ahigh school education.
In addition, the analyst should have a minimum of at least three months of bench experiencein water, milk, or food
microbiology. The analyst should also have training acceptable to the State (or EPA for non-primacy States), in
microbiological analysis of drinking water and a minimum of 30 days of on-the-job training under an experienced
anayst. Analysts should take advantage of workshops and training programs that may be available from State
regul atory agencies and professional societies. Before analyzing compliance samples, the analyst must demonstrate
acceptabl e results for precision, specificity and satisfactory analysis on unknown samples.

13 Waiver of Academic Training Requirement
The certification officer may waive the need for the above specified academic training, on a case-by-case basis, for
highly experienced analysts.

14 Personnel Records
Personnel records which include academic background, specialized training courses completed and types of
microbiological analyses conducted, should be maintained on laboratory analysts

2. Laboratory Facilities

Laboratory facilities should be clean, temperature and humidity controlled, and have adequate lighting at bench tops.
They should have provisionsfor disposal of microbiological waste. Laboratory facilities should have sufficient bench-
top areafor processing samples; storage spacefor media, glassware, and portabl e equi pment; floor spacefor stationary
equipment (incubators, water baths, refrigerators, etc.); and associated area(s) for cleaning glassware and sterilizing
materials.
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3.2

QC
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QC

QC

QC

Laboratory Equipment and Supplies
The laboratory must have the equipment and supplies needed to perform the approved methods for which
certification has been requested.

pH Meter

3.1.1 Accuracy and scale graduations must be within £0.1 units.

3.1.2 pH buffer aliquots should be used only once.

3.1.3 Electrodes should be maintained according to the manufacturer's recommendations.

3.1.4 pH meters should be standardized before each use period with pH 7.0 and either pH 4.0 or 10.0 standard
buffers, whichever range coversthedesired pH of the media or reagent. The date and buffers used should be
recorded in alog book.

3.1.5 Commercial buffer solution containers should be dated upon recei pt, and when opened. Buffersshould
be discarded before the expiration date.

Balance (top loader or pan)
3.2.1 Balances should have readahility of 0.1 g

3.2.2 Balancesshould becalibrated monthly using ASTM type 1, 2, or 3weights(minimum of threetraceable
wel ghtswhich bracket laboratory weighing needs). (ASTM, 1916 Race .., Philadelphia, PA 19103) Non-
reference weights should be calibrated every six months with reference weights.

3.2.3 Service contracts or internal maintenance protocols and maintenance records should be available.
Maintenance should be conducted annually at aminimum. A record of the most recent calibration should be
available for inspection. Correction values should be on fileand used. A reference weight should be re-
certified if it is damaged or corroded.

Temperature Monitoring Device

3.3.1 Glass, did, or electronic thermometers must be graduated in 0.5°C increments (0.2°C incrementsfor
tests which are incubated at 44.5°C) or less.  The fluid column in glass thermometers should not be
separated. Dial thermometers that cannot be calibrated should not be used.

3.3.2 Cdlibrations of glass and dectronic thermometers should be checked annually and dial thermometers
quarterly, at the temperature used, against a reference National Ingtitute of Standards and Technology
(formerly National Bureau of Standards [NBS]) thermometer or one that meets the requirements of NBS
Monograph SP 250-23. The calibration factor should beindicated on the thermometer. Also, thelaboratory
should record the date the thermometer was calibrated and the calibration factor in a QC record book

3.3.3 If athermometer differs by more than 1°C from the reference thermometer, it should be discarded.
Reference thermometers should be recalibrated every three years.

3.3.4 Continuous recording devicesthat are used to monitor incubator temperature should be recalibrated at

least annually. A reference thermometer that meets the specifications described in paragraph 3.3.2 should
be used for calibration.
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QC

QC
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3.6

QC

QC

3.7

Incubator Unit

3.4.1 Incubator units must have an internal temperature monitoring device and maintain a temperature of
35° £0.5°C, and if used, 44.5° +0.2°C. For non-portable incubators, thermometers should be placed on the
top and bottom shelves of the use area with the thermometer bulb immersed in liquid (except for electronic
thermometers). If an aluminum block incubator is used, culture dishes and tubes should fit snugly.
Laboratories which use the chromogeni c/fluorogenic substrate tests with air-typeincubators should note the
caution indicated in 5.6.8.

3.4.2 Calibration-corrected temperature should be recorded for days in use at least twice per day with
readings separated by at least 4 hours.

3.4.3 An incubation temperature of 44.5° £0.2°C can best be maintained with a water bath equipped with
agable cover and a pump or paddles to circulate water.

Autoclave

3.5.1 Theautoclave should have an internal heat source, atemperature gauge with a sensor on the exhaust,
apressure gauge, and an operational safety valve. The autoclave should maintain a sterilization temperature
during the sterilizing cycle and compl ete an entire cycle within 45 minuteswhen a 12-15 minute sterilization
periodisused. Theautoclave should depressurize slowly enough to ensure that mediawill not boil over and
bubbles will not form in inverted tubes.

3.5.2 Because of safety concerns and difficulties with operational control, pressure cookers should not be
used.

3.5.3 Thedate, contents, sterilization time and temperature, total time for each cycle, and analyst’sinitials
should be recorded each time the autoclave is used. A copy of the service contract or internal maintenance
protocol and maintenancerecords should bekept. Maintenance should be conducted annually at aminimum.
A record of the most recent service performed should be available for inspection.

3.5.4 A maximum-temperature-registering thermometer or continuous recording device should be used
during each autoclave cycleto ensurethat the proper temperature wasreached, and the temperaturerecorded.
Overcrowding should be avoided. Spore strips or ampules should be used monthly to confirm sterilization.

3.5.5 Automatic timing mechanisms should be checked quarterly with a stopwatch or other accurate
timepiece or time signal.

3.5.6 Autoclave door seals should be clean and free of caramelized media. Also, autoclave drain screens
should be cleaned frequently and debris removed.

Hot Air Oven

3.6.1 Theoven should maintain a stable sterilization temperature of 170-180°C for at least two hours. Only
dry items should be sterilized with ahot air oven. Overcrowding should beavoided. The oven thermometer
should be graduated in 10°C increments or less, with the bulb placed in sand during use.

3.6.2 Thedate, contents, sterilization time and temperature of each cycle, and analyst's initials should be
recorded.

3.6.3 Spore strip or ampule should be used on a monthly basis to ensure sterility of items.

Colony Counter
A dark field colony counter should be used to count Heterotrophic Plate Count colonies.
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QC
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3.12

Conductivity Meter

3.8.1 Metersshould be suitable for checking laboratory reagent-grade water and readable in appropriate
M units (micromhos or microsiemens per centimeter). Usean instrument capabl e of measuring conductivity

with an error not exceeding 1% or 1 micromho per centimeter, whichever is more lenient.

3.8.2 Cdll constant should be determined monthly using amethod indicated in Section 2510, "Conductivity,"
in Sandard Methods. Monthly calibration checks using an appropriate certified and traceable low-level
standard may be substituted for determining the cell constant.

3.8.3 If an in-line unit cannot be calibrated, it should not be used to check reagent-grade water.

Refrigerator
3.9.1 Refrigerators should maintain atemperature of 1-5°C. Thermometers should be graduated in at least
1°C increments and the thermometer bulb immersed in liquid.

3.9.2 Thetemperature should be recorded for daysin use at |east once per day.

I noculating Equipment

Sterile metal or disposable plastic loops, wood applicator sticks, sterile swabs, or sterile plastic disposable
pipet tips should be used. If wood applicator sticks are used, they should be sterilized by dry heat. Themetal
inoculating loops and/or needles should be made of nickel aloy or platinum. (For the coliform test and any
other oxidase test used for the verification of membrane filter colonies, nicke alloy loops must not be used
because they may interfere with the oxidase test).

Membrane Filtration Equipment (if MF procedure is used)
3.11.1 MF unitsmust be stainless sted, glass, or autoclavable plastic, not scratched or corroded, and must
not leak.

3.11.2 If graduation marks on clear glass or plastic funnels are used to measure sample volume, their
accuracy should be checked with a standard graduated cylinder, and a record of this calibration check
retained. Tolerance should be <2.5%.

3.11.3 A 10X to 15X stereo microscopewith afluorescent light source must be used to count sheen colonies.

3.11.4 Membranefilters must be approved by the manufacturer for total coliform water analysis. Approval
is based on data from tests for toxicity, recovery, retention, and absence of growth-promoting substances.
Filters must be cellulose ester, white, gridmarked, 47 mm diameter, and 0.45 ».m pore size, or alternate pore
sizesif the manufacturer provides performance dataequal to or better than the 0.45 .«.m poresize. Membrane
filters must be purchased presterilized or autoclaved for 10 minutes at 121°C before use.

3.11.5 Thelot number for membrane filters and the date received should be recorded.

Culture Dishes (loose or tight lids)

3.12.1 Presterilized plastic or sterilizable glass culture dishes must be used. To maintain sterility of glass
culturedishes, stainlesssted or aluminum canisters, or awrap of heavy aluminum foil or char-resistant paper,
must be used.

3.12.2 Loose-lid petri dishes should beincubated in atight-fitting container, e.g., plastic vegetabl e crisper
containing a moistened paper towel to prevent dehydration of membrane filter and medium.

3.12.3 Opened packs of disposable culture dishes should be reseal ed between use periods.
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3.14

3.15

3.16

QC

Pipets
3.13.1 Toderilizeand maintain sterility of glasspipets, stainlessstedl or aluminum canisters should be used,
or individual pipets should be wrapped in char-resistant paper or aluminum foil.

3.13.2 Pipets must have legible markings and should not be chipped or etched.
3.13.3 Opened packs of disposable sterile pipets should be reseal ed between use periods.
3.13.4 Pipetsddivering volumes of 10 mL or less must be accurate within a 2.5% tolerance.

3.13.5 Calibrated micropipetters may be used if tips are sterile. Micropipetters should be calibrated
annually and replaced if the tolerance is greater than 2.5%

Culture Tubes and Closures
3.14.1 Tubes should be made of borosilicate glass or other corrosion-resistant glass or plastic.

3.14.2 Culturetubesand containersshould be of sufficient sizeto contain medium plus samplewithout being
more than three quarters full.

3.14.3 Tube closures should be stainless stedl, plastic, aluminum, or screw caps with non-toxic liners.
Cotton plugs should not be used.

Sample Containers

3.15.1 Sample containers must be wide-mouth plastic or non-corrosive glass bottles with non-leaking
ground glass stoppers or caps with non-toxic liners that should withstand repeated sterilization, or sterile
plastic bags containing sodium thiosulfate. Other appropriate sample containers may be used. The capacity
of sample containers should be at least 120 mL (4 o0z.).

3.15.2 Glass stoppers must be covered with aluminum foil or char-resistant paper for sterilization.

3.15.3 Glass and plastic bottles that have not been presterilized should be sterilized by autoclaving or, for
glass bottles, by dry heat. Empty containers should be moistened with several drops of water before
autoclaving to prevent an "air lock" sterilization failure.

3.15.4 If chlorinated water is to be analyzed, sufficient sodium thiosulfate (Na,S,0;) must be added to the
sample before sterilization to neutralize any residual chlorine in the water sample. Dechlorination is
addressed in Section 9060A of Standard Methods.

Glassware and Plasticware

3.16.1 Glassware must be borosilicate glass or other corrosion-resistant glass and free of chipsand cracks.
Markings on graduated cylinders and pipets must be legible. Plastic items must be clear and non-toxic to
mi croorganisms.

3.16.2 Graduated cylinders for measurement of sample volumes must have a tolerance of 2.5% or less. In
lieu of graduated cylinders, precalibrated containersthat have clearly marked volumes of 2.5% tolerance may
be used. The calibration of each new lot of precalibrated containers should be validated by selecting at least
one container at random and checking the calibration using a previously verified graduated cylinder.

3.17 Ultraviolet lamp (if used)

3.17.1 Theunit should be disconnected monthly and thelamps cleaned by wi ping with asoft cloth moistened
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4,

with ethanol.

3.17.2 If aUV lamp (254 nm) is used for sanitization, the lamp should be tested quarterly with a UV light
meter or agar spread plate. Thelamp should bereplaced if it emitslessthan 70% of itsinitial output or if an
agar spread plate containing 200 to 250 microorganisms, exposed to the UV light for two minutes, does not
show a count reduction of 99%. Other methods may be used to test alamp if data demonstrate that they are
as effective as the two suggested methods.

General Laboratory Practices

Although safety criteriaare not covered in thelaboratory certification program, laboratory personnel should be aware
of general and customary safety practices for laboratories. Each laboratory is encouraged to have a safety plan
available.

41

4.2

QC

4.3

Sterilization Procedures

4.1.1 Required times for autoclaving at 121°C are listed below. The items must be at temperature for this
required amount of time. Except for membranefiltersand padsand carbohydrate-containing media, indicated
times areminimum timeswhich may necessitate adjustment depending upon volumes, containers, and loads.

ltem Time (min)
Membrane filters & pads 10
Carbohydrate containing media 12-15
Contaminated test materials 30
Membrane filter assemblies 15

Sample collection bottles 15
Individual glassware 15
Dilution water blank 15
Rinsewater (0.5-11L) 15-30*

* time depends upon water volume per container and autoclave |oad

4.1.2 Autoclaved membranefilters and padsand all media should be removed immediately after compl etion
of the sterilization cycle.

4.1.3 Membrane filter equipment must be autoclaved before the beginning of the first filtration series. A
filtration series ends when 30 minutes or longer elapses after a sample isfiltered.

4.1.4 Ultraviolet light (254 nm) may be used as an aternative to sanitize equipment, if all supplies are
presterilized and QC checks are conducted as indicated in paragraph 3.17.2. Ultraviolet light may also be
used to control bacterial carry-over between samples during afiltration series.

Sample Containers
4.2.1 See Section 6.2 for sample preservation.

4.2.2 At least one sample container should be selected at random from each batch of sterile sample bottles
or other containers, and sterility confirmed by adding approximately 25 mL of a sterile non-selective broth
(e.g., tryptic soy, trypticase soy, or tryptone broth). The broth should be incubated at 35 £0.5°C for 24 hours
and checked for growth. Resterilizeif growth is detected.

Reagent-Grade Water
4.3.1 Only satisfactorily tested reagent water from stills or deionization units may be used to prepare media,
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4.5
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reagents, and dilution/rinse water for performing bacteriological analyses.

4.3.2 The quality of the reagent water should be tested and should meet the following criteria:

Parameter Limits Frequency
Conductivity <2 micromhos/cm (microsiemens/cm) at Monthly
25°C
Pb, Cd, Cr, Cu, Ni, Zn Not greater than 0.05 mg/L per Annually
contaminant. Collectively, no greater than
0.1 mg/L
Total Chlorine Residual* <0.1 mg/L Monthly
Heterotrophic Plate Count? < 500/mL Monthly
Bacteriological Quality Ratio of growth rate 0.8:3.0 Annualy

of Reagent Water®

! DPD Method should be used. Not required if source water isnot chlorinated.

2 Pour Plate Method.  See Standard Methods 9215B.

3 See Standard Methods, Section 9020B. This bacteriological quality test isnot needed for ASTM (ASTM, 1916 Race St.., Philadelphia,
PA 19103) Types 1 reagent water, asdefined in Standard Methods, Section 1080.

Dilution/Rinse Water
4.4.1 Stock buffer solution or peptone water should be prepared, as specified in Standard Methods, Section
9050C.

4.4.2 Stock buffers should be autoclaved or filter-sterilized, and containers should be labeled and dated.
Stock buffers should be refrigerated. Stored stock buffers should be free from turbidity.

4.4.3 Each batch of dilution/rinse water should be checked for sterility by adding 50 mL of water to 50 mL
of a double strength non-selective broth (e.g., tryptic soy, trypticase soy or tryptose broth). Incubate at 35
+0.5°C for 24 hours and check for growth. Discard if growth is detected.

Glassware Washing
45.1 Distilled or deionized water should be used for final rinse.

4.5.2 A glasswareinhibitory residuetest (Standard Methods, Section 9020B) should be performed before the
initial use of awashing compound and whenever a different formulation of washing compound, or washing
procedure, isused. In addition, batches of dry glassware should be spot-checked occasionally for pH reaction,
especially if glasswareissoaked in alkali or acid (Standard Methods, Section 9020B). Thesetestswill ensure
that glasswareis at aneutral pH and is free of toxic residue.

4.5.3 Laboratory glassware should be washed with a detergent designed for laboratory use.

Analytical M ethodology

General

5.1.1 For compliance samples, |aboratories must only use the analytical methodol ogy specified in the Total
Coliform Rule (40 CFR 141.21(f)) and the Surface Water Treatment Rule (40 CFR 141.74(a)).
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5.2

5.1.2 A laboratory must be certified for al analytical methods, indicated below, that it uses for compliance
purposes. At a minimum, the laboratory must be certified for one total coliform method and one fecal
coliform or E. coli method. A laboratory should also be certified for a second total coliform method if one
method cannot be used for somedrinking waters (e.g., where the water usually produces confluent growth on
aplate). Inaddition, for principal Statelaboratoriesand other |aboratoriesthat may enumerate heterotrophic
bacteria (HPC) for compliance with the Surface Water Treatment Rule, the laboratory must be certified for
the Pour Plate Method, the only method approved for heterotrophic bacteria.

5.1.3 Absorbent pads must be saturated with aliquid medium (at least 2 mL of broth) and excess medium
removed by "decanting" the plate.

5.1.4 Water samples should be shaken vigorously about 25 times before analyzing.

5.1.5 If nototal coliform-positive result occurs during a quarter, the laboratory should perform the coliform
procedure using aknown coliform-positive, fecal coliform and/or E. coli- positivecontrol to spikethesample.

5.1.6 Sample volume analyzed for total coliformsin drinking water must be 100 mL £2.5 mL.

5.1.7 Media
5.1.7.1 The use of dehydrated or prepared media manufactured commercialy is strongly
recommended due to concern about quality control. Dehydrated media should be stored in a coal,
dry location. Caked or discolored dehydrated media should be discarded.

5.1.7.2 For media prepared in the laboratory, the date of preparation, type of medium, lot number,
sterilization time and temperature, final pH, and the technician'sinitials should be recorded.

5.1.7.3 For liquid mediaprepared commercially, the date received, type of medium, lot number, and
pH verification should berecorded. Medium should be discarded by manufacturer's expiration date.

5.1.7.4 Each new lot of dehydrated or prepared commercial medium should be checked before use
with positive and negative culture controls. In addition, each batch of laboratory-prepared medium
should include positive and negative culture controls. Thesecontrol organismscan bestock cultures
(periodically checked for purity) or commercially available disks impregnated with the organism.
Results should be recorded.

5.1.7.5 Prepared platesmay berefrigerated in sealed plastic bagsor containers. Because of potential
evaporation, they may not be kept for more than two weeks. Each bag or container should include
the date prepared or an expiration date. Broth in loose-cap tubes should be stored at <30°C no
longer than two weeks. Broth in tightly capped tubes should be stored at <30° C nolonger than three
months.

When ready to use, the refrigerated sterilized medium should be incubated overnight at room
temperature; media with growth should be discarded.

5.1.8 Laboratories are encouraged to perform parallel testing between a newly approved test and another
EPA-approved procedure for enumerating total coliforms for at least several months and/or over several
seasons to assess the effectiveness of the new test for the wide variety of water types submitted for analysis.
During thistesting, spiking the samplesoccasionally with sewage or apure culturemay benecessary toensure
that some of the tests are positive.

Membrane Filter (MF) Technique (for total coliformsin drinking water)
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5.2.1 Media
5.2.1.1 M-Endo Medium broth or agar (also known as M-Endo broth MF and M-Coliform Broth)
or LESEndo agar (also known as M-Endo Agar LES) must be used in the single step or enrichment
techniques. Ensurethat ethanol used in the rehydration procedure is not denatured. Medium must
be prepared in a sterile flask and a boiling water bath must be used or, if constantly attended, a hot
plate with a stir bar may be used, to bring the medium just to the boiling point. The medium must
not be boiled. pH must be 7.2 £0.2 for LES Endo agar and 7.2 +0.1 for M-Endo medium.

5.2.1.2 MF broth must be refrigerated no longer than 96 hours, poured MF agar plates no longer
than two weeks, and ampuled M-Endo broth in accordance with the manufacturer's expiration date.
Broth, plates, or ampules should be discarded earlier if growth or surface sheen is observed.

5.2.1.3 MF gterility check should be conducted on each funnel in use at the beginning and the end
of each filtration series by filtering 20-30 mL of dilution water through the membrane filter and
testing for growth. If the control indicates contamination, all data from affected samples must be
rejected and an immediateresampling should berequested. A filtration seriesendswhen 30 minutes
or more elapse between sample filtrations.

5.2.2 To prevent carry-over, the filtration funnels must be rinsed with two or three 20-30 mL portions of
water after each sample filtration.

5.2.3 Inoculated medium must be incubated at 35°+0.5°C for 22-24 hours.

5.2.4 All ssmplesresulting in confluent or TNTC (too numerousto count) growth must beinvalidated unless
total coliforms are detected. If nototal coliformsare detected, record as " confluent growth" or "TNTC" and
request an additional sample from the same sampling site. Confluent growth is defined as a continuous
bacterial growth covering the entire membrane filter without evidence of sheen colonies (total coliforms).
TNTC isdefined as greater than 200 col onies on the membrane filter in the absence of detectable coliforms.
Laboratories must not invalidate samples when the membrane filter contains at least one sheen colony.
(Beforeinvalidation, thelaboratory may perform averification test on thetotal coliform-negativeculture, i.e.,
on confluent or TNTC growth, and a fecal coliform/E. coli test. If the verification test is total coliform-
positive, the sample must be reported as total coliform-positive. If the test is total coliform-negative, the
sample must beinvalidated. A fecal coliform/E. coli-positive result is considered atotal coliform-positive,
fecal coliform/E.coli-positive sample, even if theinitial and/or verification total coliform test is negative.)

5.2.5 All sheen colonies(pick all sheen colonies up to amaximum of five) must beverified using either single
strength lactose broth (LB) or lauryl tryptosebroth (LTB) and singlestrength brilliant green lactosebilebroth
(BGLBB), or EPA-approved cytochromeoxidaseand 3-gal actosi daserapid test procedure. Individual colonies
can be transferred with a sterile needle or loop, or applicator stick. When picking individual colonies,
different morphological types of up tofive red questionable sheen coloniesand/or red non-sheen colonies per
sample must be verified to include different types. Alternatively, wipe the entire surface of the membrane
filter with a sterile cotton swab.

5.2.6 When EC Medium or EC Medium + MUG is used, the colonies must be transferred by employing one
of the options specified by paragraph 141.21(f)(5). For the swab technique, a single swab can be used to
inoculate a presumptivetotal coliform-positive cultureinto up tothreedifferent media (e.g., EC or EC-MUG
Medium, LTB, and BGLBB, in that order).

Multiple Tube Fermentation Technique (MTF or MPN) (for total coliformsin drinking water)

5.3.1 Various testing configurations can be used (CFR141.21(f)(3) , see Appendix G), as long as a total
sample volume of 100 mL is examined for each test.
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5.3.2 Media
5.3.2.1 LTB (also known aslauryl sulfate broth) must be used in the presumptive test and BGLBB
in the confirmed test. LB may be used in lieu of LTB (40 CFR 141.21(f)(3)) if the laboratory
conducts at least 25 paralld tests between this medium and LTB using the waters normally tested
and this comparison demonstrates that the false-positive rate and false-negative rate for total
coliforms, using LB, is less than 10%. This comparison should be documented and the records
retained. The pH must be 6.8 £0.2 for LTB, and 7.2 +0.2 for BGLBB.

5.3.2.2 Thetest medium concentration must be adjusted to compensate for the sample volume so
that the resulting medium after sample addition is single strength. If a single 100-mL sample
volume is used, the inverted vial should be replaced with an acid indicator (bromcresol purple) to
prevent problems associ ated with gasbubblesin largeinverted tubes. Themediamust be autoclaved
at 121°C for 12-15 minutes.

5.3.2.3 Sterilemedium in tubes must be examined to ensure that theinverted vials, if used, arefree
of air bubbles and are at least one-half to two-thirds covered after the water sampleis added.

5.3.2.4 If MTF mediaarerefrigerated after sterilization, they should beincubated overnight at room
temperature before use. Tubes/bottles showing growth and/or bubbles should be discarded. If
prepared broth media are stored, they should be maintained in the dark at <30°C no longer than
three monthsfor screw-cap tubes/bottles and two weeks for tubes/bottles with | oose-fitting closures.
Media should be discarded if evaporation exceeds 10% of the original volume.

5.3.3 After themediumisinoculated, it must beincubated at 35°+0.5°C for 24 £ two hours. If nogasor acid
is detected, it must be incubated for another 24 hours.

5.3.4 All samples that produce a turbid culture (i.e., heavy growth, opagque) in the absence of gas/acid
production, in LTB or LB, must beinvalidated. Thelaboratory must collect, or request that the system collect,
another samplefrom the samelocation astheoriginal invalidated sample. (Beforeinvalidation, thelaboratory
may perform a confirmed test on thetotal coliform-negative culture. If the confirmed test is total coliform-
positive, the sample must be reported as such. If the test is total coliform-negative, the sample must be
invalidated.)

5.3.5 24- and 48-hour gas-positive or acid-positive tubes must be confirmed using BGLBB.
5.3.6 A completed test is not required.

5.3.7 If the MTF test is used on water suppliesthat have a history of confluent growth or TNTC by the MF
procedure, all presumptive tubes with heavy growth without gas/acid production must be submitted to the
confirmed test and a fecal coliform/E. coli test to check for coliform suppression. (The Total Coliform Rule
requiresthat laboratoriesinvalidate presumptive tubeswith heavy growth without gas production and request
that the system provide another water sample within 24 hours. However, if the confirmed test is coliform-
positive, the laboratory may consider the first sample as coliform-positive. In contrast, if the confirmed test
is coliform-negative, the laboratory must not consider this sample as coliform-negative, because high levels
of non-coliform bacteriain the presumptive tubes may have injured, killed, or suppressed the growth of any
coliformsin the sample. A fecal coliform/E. coli positiveresult isconsidered atotal coliform-positive, fecal
coliform/E. coli-positive sample, even if the presumptive and/or confirmed total coliform test is negative.)

Presence-Absence (P-A) Coliform Test (for drinking water)

5.4.1 Medium
5.4.1.1 Six-times formulation strength may be used if the medium is filter-sterilized rather than
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autocl aved.

5.4.1.2 Themedium must be autoclaved for 12 minutesat 121°C. Total timein theautoclave should
be less than 30 minutes. Space should be allowed between bottles. The pH must be 6.8 £0.2.

5.4.1.3 If prepared medium is stored, it should be maintained in a culture bottle at <30°C in the
dark for no longer than three months. If evaporation exceeds 10% of original volume earlier, the
medium should be discarded.

5.4.2 A 100-mL sample must beinoculated into a P-A culture bottle.
5.4.3 Medium must beincubated at 35° +0.5° C and observed for ayellow color (acid) after 24 and 48 hours.
5.4.4 Yélow cultures must be confirmed in BGLBB and afecal coliform/E. coli test must be conducted.

5.4.5 All samples which produce a non-ydlow turbid culture in P-A medium must be invalidated. The
laboratory must collect, or request that the system collect, another sample from the same location as the
original invalidated sample. (Beforeinvalidation, the laboratory may perform a confirmed test on the total
coliform negative culture and/or afecal coliform/E. coli test. If the confirmed test istotal coliform-positive,
the sample must be reported as such. If the confirmed test is negative, the sample must be invalidated. A
fecal coliform/E. coli positive result is considered a total coliform-positive, fecal coliform/E. coli positive
sample, even if the presumptive and/or confirmed total coliform test is negative.)

Fecal Coliform Test (using EC Medium for fecal coliformsin drinking water or source water, or A-1
Medium for fecal coliformsin source water only)

5.5.1 EC medium must be used to determine whether a total coliform-positive culture taken from the
distribution system containsfecal coliforms, in accordancewith the Total Coliform Rule. Thelaboratory must
transfer each total coliform-positive culture from a presumptive tube/bottle, or each presumptive total
coliform-positive colony (five such colonies minimum) unless a cotton swab is used, to at least one tube
containing EC Medium with an inverted vial, as specified by §141.21(f)(5).

5.5.2 EC Medium may be used to enumeratefecal coliformsin source water, in accordance with the Surface
Water Treatment Rule. Initially, conduct an MTF test (presumptive phase). Three samplevolumesof source
water (10, 1 and 0.1 mL), 5 or 10 tubes/sample volume, should be used. A culture from each total coliform-
positive tube must be transferred to a tube containing EC Medium with an inverted vial.

5.5.2.1 Medium must be autoclaved for 12-15 minutes at 121°C. The pH must be 6.9 +0.2.

5.5.2.2 Inverted vials should be examined to ensure that they are free of air bubbles. Theinverted
vial must be at least one-half to two-thirds covered after the sample is added.

5.5.2.3 If prepared medium is stored, it should be maintained in the dark at <30°C. Prepared
medium stored in tubes with loose-fitting closures should be used within two weeks. Prepared
medium stored in tightly closed screw type tubes may be kept up to three months. If the medium is
stored in arefrigerator, it should be incubated overnight at room temperature before use; tubes that
show growth and/or bubbles should be discarded.

5.5.3 A-1Medium may be used asan alternativeto EC Medium to enumeratefecal coliformsin sourcewater,
in accordance with the Surface Water Treatment Rule. A-1 Medium must not be used for drinking water
samples. Three samplevolumes of sourcewater (10, 1 and 0.1 mL), 5 or 10 tubes/sample volume, should be
used. Unlike EC Medium, A-1 Medium can be directly inoculated with a water sample.
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5.5.3.1 Medium must be sterilized by autoclaving at 121°C for 10 minutes. The pH must be 6.9
+0.1.

5.5.3.2 Inverted vials should be examined to ensure that they are free of air bubbles.

5.5.3.3 Loose-cap tubes should be stored in dark at room temperaturenot morethan twoweeks. A-1
Medium may be held up to three monthsin atightly closed screwcap tubein the dark at <30°C.

5.5.4 The water level of the water bath must be above the upper leve of the medium in the culture tubes.

5.5.5 EC Medium must beincubated at 44.5° +0.2°C for 24 +2 hours. A-1 Medium must be incubated at
35° +0.5°C for three hours, then at 44.5° £0.2°C for 21 +2 hours.

5.5.6 Any amount of gas detected in the inverted vial of atube that has turbid growth must be considered a
fecal coliform-positive test.

Chromogenic/fluorogenic substratetests(MMO-MUG test [Calilert test] for total coliformsin sourcewater
and total coliformsand E. coli in drinking water; Colisuretest for total coliformsand E. coli in drinking
water)
5.6.1 Media
5.6.1.1 These media must not be prepared from basic ingredients, but rather purchased from a
commercially available source.

5.6.1.2 Themediamust be protected from light. Colisure medium must berefrigerated until useand
brought to room temperature before adding the sample.

5.6.1.3 Some lots of fluorogenic media have been known to autofluoresce. Therefore, each lot of
medium should be checked before use with a 366-nm ultraviolet light with a 6-watt bulb. If the
mediaexhibit faint fluorescence, the laboratory should use another |ot that doesnot fluoresce. If the
samples plusamedium exhibit a color change beforeincubation, it should be discarded and ancther
batch of medium used.

5.6.1.4 For each ot of medium, a quality control check must be performed by inoculating sterile
water containing the medium with aMUG-positive E. coli strain, aMUG-negative coliform, and a
non-coliform and analyzing them.

5.6.1.5 Laboratories may also use Quanti-Tray test or Quanti-Tray 2000 test for drinking water and
sourcewaters. Both tests use the Colilert medium. If the Quanti-Tray or Quanti-Tray 2000 test is
used, the sealer should be checked monthly by adding a dye (e.g., bromcresal purple) to the water.
If dyeis observed outside the wells, another sealer should be obtained.

5.6.2 A glass bottle that contains inoculated medium should be checked with a 366-nm ultraviolet light
source with a 6-watt bulb. If fluorescence is observed before incubation, do not use.

5.6.3 For enumerating total coliformsin source water with the Colilert test, 5 or 10 tube MTF, Quanti-Tray
or Quanti-Tray 2000 must be used for each sample dilution tested. Dilution water (for the
chromogeni c/fluorogeni c substratetest only), if used, must besteriledechl orinated tap water, dei onized water,
or ditilled water.

5.6.4 For determining the presence of total coliforms in drinking water by a chromogenic/fluorogenic
substrate test, laboratories must use 10 tubes, each containing 10 mL of water sample, or a single vessd
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containing 100 mL of water sample.

5.6.5 For the Calilert test, ssmples must be incubated at 35 £0.5°C for 24 hours. A yellow color in the
medium equal to or greater than the reference comparator indicates the presence of total coliformsand must
be reported as atotal coliform positive. If the sampleis yellow, but lighter than the comparator, it must be
incubated for another four hours (do not incubate more than 28 hourstotal). If the color is still lighter than
the reference comparator at 28 hours, the sample should be reported as negative. Laboratories that use the
Colilert-18 test must incubate for 18 hours.

5.6.6 For the Colisure test, samples must be incubated at 35 £0.5°C for 28 hours. If an examination of the
results at 28 hoursisnot convenient, then results may be examined at any time between 28 and 48 hours. If
the medium changes from a yellow color to a magenta color, the sample must be reported asE. coli positive.

5.6.7 For E. coli testing, thelaboratory must placeall total coliform-positive bottles/tubesunder an ultraviol et
lamp (366 nm, 6-watt) in a darkened room. If E. coli is present, the medium will emit a blue fluorescence.

5.6.8 Air-type incubators, especially small ones, may not bring a cold 100-mL water sample(s) to the
specifiedincubation temperatureof 35°C for several hours. This problem may befurther aggravatedif several
cold water samplesareplaced in theincubator at the sametime. Theproblem may causefal se-negativeresults
with the chromogenic/fluorogenic substrate tests. Therefore, laboratories with air-type incubators should
check thetimeit takes for a 100-mL water sample (or a set of 100-mL water samples, depending on normal
use) to reach 35°C, and ensure that the specified incubation period at that temperature is followed. This
check should be repeated whenever thereis a significant change in the sample load.

5.6.9 The Colilert/Colisure tests must not be used to confirm total coliforms on membrane filters. The
filtration step not only concentrates coliforms, but a so non-coliformsand turbidity, which at high levels, can
suppress coliforms or cause fal se-positive results in the chromogeni c/fluorogenic substrate test.

5.6.10 The Cdlilert/Calisure tests must not be used to confirm total coliformsin the MTF or Presence-
Absence (P-A) coliform test. High densities of non-coliforms in the inoculum may overload the
chromogeni c/fluorogenic substrate test suppressant reagent system and cause fal se positive results.

5.7 EC Medium + MUG Test (for E. coli)

5.7.1 If ECmedium + MUG isused, atotal coliform-positive culture must betransferred from apresumptive
tube/bottle or colony to EC medium + MUG, as specified by §141.21(f)(5).

5.7.2 Medium
5.7.21 MUG may be added to EC Medium before autoclaving. EC Medium + MUG is also
availablecommercially. Thefinal MUG concentration must be 50 n.g/mL. ThepH must be6.9+0.2.

5.7.2.2 Theinverted vial may be omitted, because gas production is not relevant to thetest, and the
use of an inverted vial may cause confusion on test interpretation.

5.7.2.3 Test tubes and autoclaved medium should be tested before use with a 366-nm ultraviol et
light to ensure they do not fluoresce. If fluorescenceis exhibited, non-fluorescing tubes or another
lot of medium that does not fluoresce should be used; alternatively, a MUG-positive E. coli and
MUG-negative (e.g., uninoculated) control should be performed for each analysis.

5.7.2.4 |If prepared medium is stored, it should be maintained in the dark at <30°C. Prepared

medium stored in tubes with loose-fitting closures should be used within two weeks. Prepared
medium stored in tightly closed screw type tubes may be kept up to three months.  Tubes with
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growth should be discarded.

5.7.2.5 In accordance with paragraph 5.1.7.5, control cultures should be incubated at 35° +0.5°C
for 24 hoursin LTB. A loopful should betransferred to EC Medium + MUG and then incubated at
44.5°+0.2°C for 24 hours. The results should be read and recorded.

5.7.3 The water level of the water bath must be above the upper level of the medium.
5.7.4 The medium must be incubated at 44.5°+0.2°C for 24 +2 hours.

5.7.5 Fuorescence must be checked using an ultraviolet lamp (366 nm) with a 6-watt bulb in a darkened
room. Laboratories should ensurethat aweak auto-fluorescence of medium, if present, isnot misinterpreted
aspositivefor E. cali. (If uncertain, aMUG-positive E. coli and MUG negative (e.g., uninocul ated) control
for each analysis should be used whenever the medium autofl uoresces.)

Nutrient Agar + MUG Test (for E. coli)

5.8.1 Medium
5.8.1.1 Medium must be autoclaved in 100-mL volumes at 121°C for 15 minutes. MUG may be
added to Nutrient Agar before autoclaving. Nutrient Agar + MUG is also available commercially.
Thefinal MUG concentration must be 100 ««g/mL. The pH must be 6.8 +0.2.

5.8.1.2 If sterile medium is stored, the medium should be refrigerated in petri dishes, in a plastic
bag or tightly closed container, and used within two weeks. Before use, refrigerated sterilized
medium should beincubated overnight at room temperature; plateswith growth shoul d bediscarded.

5.8.1.3 Positive and negative controlsshould betested as stated in paragraph 5.1.7.5. Filter or spot-
inoculate control culturesontoamembranefilter on M-Endo LESagar or M-Endo broth or agar, and
incubate at 35°C for 24 hours. Then transfer the filter to Nutrient Agar + MUG and incubate at
35°C for another four hours. The results should be read and recorded.

5.8.2 The membrane filter containing coliform colony(ies) must be transferred from the total coliform
medium to the surface of Nutrient Agar + MUG medium. Each sheen colony should be marked with a
permanent marker onthelid. Also, thelid and the base should be marked with alineto realign thelid should
it beremoved. A portion of the colony may betransferred with aneedleto thetotal coliform verification test
before transfer to Nutrient Agar + MUG or after the four-hour incubation time. Another method isto swab
the entire membrane filter surface after the 4-hour incubation time onto the Nutrient Agar + MUG medium,
with a sterile cotton swab, and transfer to a total coliform verification test.

5.8.3 Inoculated medium must be incubated at 35°+0.5C° for four hours.

5.8.4 Fuorescence must be checked using an ultraviolet lamp (366 nm) with a 6-watt bulb in a darkened
room. Any amount of fluorescence in a halo around a sheen colony should be considered positive for
E. coli.

Heterotrophic Plate Count (for enumerating heterotrophsin drinking water)

5.9.1 The Pour Plate Method must be used for enumerating heterotrophic bacteriain drinking water under
8141.74(a)(3), (also listed in Appendix G) and should be used for testing reagent grade water. For systems
that have been granted avariance from the Total Coliform Rul€'s maximum contaminant level (see variance
criteriain the preamble of FR 56:1556-1557, January 15, 1991), any method in Standard Methods section
9215, "Heterotrophic Plate Count,” may be used with R2A medium, for enumerating heterotrophic bacteria
in drinking water.
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5.9.2 Media (includes plate count agar [tryptone glucose extract agar] and R2A agar)
5.9.2.1 Final pH values must be 7.0 + 0.2 for plate count agar and 7.2 + 0.2 for R2A agar.

5.9.2.2 (For Pour Plate Method) Melted agar must be tempered at 44-46°C in waterbath before
pouring. Melted agar should be held no longer than three hours. Sterile agar medium should not
be melted more than once.

5.9.2.3 (For Spread Plate Method) 15 mL of R2A agar medium (or other medium) should be poured
into a petri dish (100 x 15 mm or 90 x 15 mm) and allowed to solidify.

5.9.2.4 Refrigerated medium may be stored in bottlesor in screw-capped tubesfor up to six months,
or in petri dishes for up to two weeks. Prepared petri dishes with R2A medium may be stored for
up to one week.

5.9.3 For most potable water samples, countable plates can be obtained by plating 1.0 mL and/or 0.1 mL
volumes of the undiluted sample. At least duplicate plates per dilution should be used.

5.9.4 (For Pour Plate Method) The sample must be aseptically pipetted onto the bottom of a 100 mm x 15
mm petri dish (100 x 15 mm or 90 x 15 mm). Then, 12-15 mL of tempered melted (44-46°C) agar must be
added to each petri dish. The sample and melted agar must be mixed carefully to avoid spillage. After agar
plates have solidified on a level surface, the plates must be inverted and incubated at 35° + 0.5°C for 48 £3
hours. Plates should be stacked no more than four high and arranged in the incubator to alow proper air
circulation and to maintain uniform incubation temperature.

5.9.5 (For Spread Plate Method) 0.1 or 0.5 mL of the sample (or dilution) must be pipetted onto the surface
of the predried agar in the plate, and then spread over the entire surface of the agar using a sterile bent glass
rod. Theinoculum must be absorbed compl etely by the agar beforethe plate isinverted and incubated. The
plate must be incubated at 20-28°C for 5-7 days.

5.9.6 (For Membrane Filter Technique) The volume to befiltered must yield between 20-200 colonies. The
filter istransferred to a petri dish containing 5 mL of solidified R2A medium, and incubated at 20-28°C for
5-7 days. If plateswith loose-fitting lids are used, plates must be placed in a plastic box with a closefitting
lid containing moistened paper towels. Paper towels should be rewetted as necessary to maintain moisture.
Colonies must be counted using a stereoscopic microscope at 10-15X amplification.

5.9.7 (For Pour Plate and Spread Plate Techniques) Colonies must be counted manually using a darkfield
colony counter. In determining sample count, |aboratories must only count plates having 30 to 300 colonies,
except for plates inoculated with 1.0 mL of undiluted sample. Counts less than 30 for such plates are
acceptable. (Fully automatic colony countersarenot suitabl e because of the size and small number of colonies
observed when potable water is analyzed for heterotrophic bacteria).

5.9.8 Each batch or flask of agar should be checked for sterility by pouring afinal control plate. Data should
be rejected if control is contaminated.

Membrane Filter Technique (for enumerating total coliformsin source water)

5.10.1 Thesameasparagraphs5.2.1-5.2.4 except that in paragraph 5.2.4, laboratories must invalidate any
samplewhich resultsin confluent growth or TNTC, even whentotal coliform coloniesarepresent and because
coliform density must be determined.

5.10.2 To optimize counting, appropriate sample dilutions must be used to yield 20 to 80 total coliform
colonies per membrane.
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5.10.3 Initial counts must be adjusted based upon verified data, asin Standard Methods, Section 9222B.

5.10.4 If twoor moreanalystsare available, each analyst should count thetotal coliform colonieson thesame
membrane, monthly. Colony counts should agree within 10%.

Multiple Tube Fermentation Technique (for enumerating total coliformsin source water)
5.11.1 Laboratories must use at least 3 series of 5 tubes each with appropriate sample dilutions of source
water (e.g., 0.1 mL, 0.01 mL, 0.001 mL).

5.11.2 Follow theinstructionsin paragraphs 5.3.1 - 5.3.6, except for 5.3.4 on sample invalidation.

5.11.3 All samples that produce a turbid culture (i.e., heavy growth, opaque) in the absence of gas/acid
production, in LTB or LB, must beinvalidated. Thelaboratory must collect, or request that the system collect,
another sample from the same location asthe original invalidated sample. The laboratory may use another
method to test the second sample. Alternatively, if a sample produces aturbid culture in the absence of gas
production, a confirmed test may be performed. |f the confirmed test is total coliform-positive, the MPN
should bereported. If aconfirmed testistotal coliform-negative, the sasmple must beinvalidated and another
one requested.

Fecal Coliform Membrane Filter Procedure (for enumerating fecal coliformsin source water)
5.12.1 Medium (m-FC broth/agar)

5.12.1.1 m-FC broth (with or without agar) must be prepared by bringing it just tothe boiling point.
However, medium must not be autoclaved. Final pH must be 7.4 +0.2.

5.12.1.2 When stored, prepared medium should be refrigerated. Broth medium must be discarded
after 96 hours and poured an agar medium in petri dishes should be discarded after two weeks.
Medium should be discarded earlier if growth is observed.

5.12.2 Appropriate sample volumes to yield 20-60 fecal coliform colonies per membrane for at least one
dilution must be used.

5.12.3 To prevent carry-overs, thefiltration funnels must be rinsed with two or three 20-30 mL portions of
sterile rinse water after each sample filtration.

5.12.4 A sterility check should be conducted at the beginning and end of each filtration series by filtering 20-
30 mL of dilution water through the membrane filter. If the control indicates contamination, all data from
affected samples should be rglected and immediate resampling requested.

5.12.5 Inoculated medium must be incubated at 44.5° +£0.2°C for 24 +2 hours.

5.12.6 If two or more analysts are available, each analyst should count fecal coliform colonies on the same
membrane monthly. Colony counts should agree within 10%.

6. Sample Collection, Handling, and Preservation
Paragraphs 6.1-6.5 are applicable to those laboratories that collect samples. However, all laboratories should make
an effort to ensure proper sample collection; all laboratories are responsible for paragraph 6.6.

6.1

Sample Collector

The sample collector should be trained in aseptic sampling procedures and, if required, approved by the appropriate
regulatory authority or its designated representative.

V-16



6.2 Sampling

(For drinking water) Samples must be representative of the water distribution system. Water taps used for sampling
should befree of aerators, strainers, hose attachments, mixing type faucets, and purification devices. Cold water taps
should be used. The serviceline must be cleared before sampling by maintaining a steady water flow for at least two
minutes (until thewater changestemperature). At least 100 mL of sample must be collected, allowing at least a1-inch
air spaceto facilitate mixing of the sampleby shaking. Immediately after collection, asampleinformation form should
be completed (see paragraph 6.5). See Section 3.15.4 regarding sample dechlorination.

Source water samples must be representative of the source of supply, collected not too far from the point of intake, but
at a reasonable distance from the bank or shore. The sample volume should be sufficient to perform all the tests
required.

6.3 Sample lcing
Samplersare encouraged, but not required, to hold drinking water ssmplesat <10°C during transit to the laboratory.
Source water samples must be held at <10°C (see Standard Methods, Section 9060B).

6.4 Sample Holding/Travel Time

Thetimefrom samplecollection toinitiation of analysisfor total coliforms, fecal coliforms, or E. coli in drinking water
must not exceed 30 hours. The time from sample collection to initiation of analysis for total coliforms and fecal
coliformsin sourcewater, and heterotrophic bacteriain drinking water must not exceed el ght hours (see Section 9060B
in Sandard Methods). All samples received in the laboratory should be analyzed on the day of receipt. If the
laboratory receives the sample late in the day, the sample may be refrigerated overnight as long as analysis begins
within 30 hours of sample collection.

6.5 Sample Information Form
After collection, the sasmpler should enter on a sampleinformation form, in indelibleink, the following information:

¢ Name of system (public water system site identification number, if available)

e Sampleidentification (if any)

¢ Sample site location

e Sample type (e.g., routine distribution system sample, repeat sample, raw or process water, other special purpose
sample)

¢ Date and time of collection

e Analysisrequired

¢ Disinfectant residual

¢ Name of sampler and organization (if not the water system)

e Sampler'sinitials

¢ Person(s) transporting the samples from the system to the laboratory (if not the sampler)

¢ Transportation condition (e.g., <10°C, protection from sunlight). If a commercial shipper was used, shipping
records should be available.

e Any remarks

6.6 Chain-of-Custody

Samplecollectorsand laboratoriesmust follow applicabl e Stateregul ations pertai ning to chain-of-custody. Anexample
of such aplan is provided in Appendix A.

7. Quality Assurance
A written QA plan should be prepared and followed (see Chapter I11). The QA plan should be availablefor inspection
by the certification officer.

8. Records and Data Reporting
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8.1 L egal Defensibility: Compliance monitoring datashould be madelegal ly defensi bl e by keeping thorough and
accuraterecords. The QA plan and/or SOPs should describethe policiesand procedures used by thefacility for record
retention and storage. |f samples are expected to become part of alegal action, chain-of-custody procedures should
be used ( See Appendix A).

8.2 Maintenance of Records: Public Water Systems arerequired to maintain recordsof microbiological analyses
of compliance samples for five years (40 CFR 141.33). The laboratory should maintain easily accessible records for
five years or until the next certification data audit is complete, whichever islonger. The client water system should
be notified before disposing of records so they may request copiesif needed. Thisincludesall raw data, calculations,
and quality control data. These data files may be either hard copy, microfiche or electronic. Electronic data should
always be backed up by protected tape or disk or hard copy. If the laboratory changes its computer hardware or
software, it should make provisionsfor transferring old datato the new system so that it remainsretrievablewithin the
time frames specified above. Data which is expected to become part of a legal action will probably need to be
maintained for a longer period of time. Check with your legal counsel. See Appendix H, section 3.0, and Good
Automated Laboratory Practices, EPA 2185, Office of Information Management, Research Triangle Park, NC 27711,
8/10/95.

8.3 Sampling Records. Data should be recorded in ink with any changes lined through such that original entry
isvisible. Changesshould beinitialed and dated Thefollowing information should bereadily availablein a summary
or other record(s):

831  Sampleinformation form, from 6.5 above;

8.3.2 Date and time of sample receipt by the laboratory; name of carrier

8.3.3  Name of laboratory person receiving the sample;

8.34 If adeficiency in the condition of the sampleis noted, the sample, at a minimum,
isflagged;

8.35 If sampletransit time exceeds 30 hours (8 hours for source water samples), sample
must be tagged;

8.4 Analytical Records: Datashould berecorded inink with any changeslined through such that original entry
isvisible. Changesshould beinitialed and dated Thefollowing information should bereadily availablein asummary
or other record(s):

84.1  Laboratory sampleidentification;

8.4.2  Dateand timeanayss begins,

8.4.3  Laboratory and person(s) responsible for performing analysis;
8.4.4  Analytical technique or method used;

8.45 All items marked QC;

8.4.6  Resultsof analyses.

8.5 Preventive Maintenance

Laboratories should maintain preventive maintenance and repair activities records for all instruments and equipment
(including pH meters, analytical balances, incubators, refrigerators, autoclaves and water baths). Records should be
kept for five years.

0. Action Response to Laboratory Results

9.1 Tedting Total Coliform-Positive Cultures
For the Total Coliform Rule, laboratories must test all total coliform-positive cultures for the presence of either fecal
coliformsor E. coli.

9.2 Notification of Positive Results
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For the Total Coliform Rule, laboratories must promptly notify the proper authority of a positive total coliform, fecal
coliform, or E. coli result, so that appropriate follow-up actions (e.g., collection of repeat samples) can be conducted
(see CFR 141.21(b) and (e), 40 CFR 141.31, etc.) A total coliform-positive result is based on a confirmed phase for
the Multiple Tube Fermentation Technigque and Presence-Absence (P-A) Coliform Test, or verified test for Membrane
Filter Technique. No requirement existsfor confirmation of positive Colilert/Colisuretests, fecal coliform test, or E.
coli tests. In thoserare cases where a presumptivetotal coliform-positive culture does not confirm/verify as such, but

isfound to be fecal coliform or E. coli positive, the sampleis considered total coliform-positive and fecal coliform/E.
coli positive.

9.3 Invalidation of Total Coliform-Negative Sample
For the Total Coliform Rule, thelaboratory must promptly notify the proper authority (usually the water system) when

results indicate that non-coliforms may have interfered with the total coliform analysis, as described in 40 CFR
141.21(c)(2).
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MICROBIOLOGY LABORATORY ANALYSISREVIEW CHECKLIST

LABORATORY

ADDRESS

T E L E P H O N E N U M B E R
NUMBER

NAMES/TITLES'RESPONSIBILITIESOF KEY PERSONNEL INTERVIEWED
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Element

Yes

No

Comments

1. PERSONNEL

1.1 Supervisor/Consultant

Supervisor of analyst has a bachelor’ s degree in microbiol ogy,
biology, or equivalent with at least one college-level |aboratory
course in environmental microbiology, and has a minimum of two
weeks course training or 80 hours of on-the-job training in water
microbiology at a certified laboratory, or other training acceptable
to the State or EPA

If supervisor not available, consultant with same training and
experience substituted, acceptable to the State, and present on-site
frequently enough to satisfactorily perform a supervisor’s duties

1.2 Analyst (or equivalent job title)

Analyst has a high school education, 3 months bench experiencein
microbiology, training in microbiological analysis of drinking
water acceptable to the State (or EPA) and a minimum of 30 days
on-the-job training under an experienced analyst

Analyst demonstrated acceptable results for precision, specificity,
and satisfactory analysis on unknown samples before analyzing
compliance samples

1.3 Waiver of Academic Training Requirement

Need for specified academic training waived for highly
experienced analysts

1.4 Personnel Records

Personnel records maintained on laboratory analysts include
academic background, specialized training courses completed and
types of microbiological analyses conducted

2. LABORATORY FACILITIES

Laboratory facilities clean, temperature and humidity controlled,
with adequate lighting at bench top

Sufficient space available for processing samples, bench top
equipment, storage, cleaning glassware and sterilizing materials

Provisions made for disposal of microbiological wastes

3. LABORATORY EQUIPMENT AND SUPPLIES

3.1 pH meter

Accuracy and scale graduations within £ 0.1 units

Buffer aliquot used only once
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Element

Yes

No

Comments

Electrodes maintained according to manufacturer’s
recommendations

QC Maeter standardized each use period with pH 7.0 and either
4.0 or 10.0 buffers, with date and buffers used recorded in log book

QC Commercial buffer solutions dated when received and opened
and discarded before expiration date

3.2. Balance (top loader or pan)

Readability of 0.1 g

QC Cadlibrated monthly using ASTM type 1, 2, or 3 weights
(minimum 3 traceable weights which bracket laboratory weighing
needs)

QC Non-reference weights calibrated every six months with
reference weights

QC Annual service contract or internal maintenance protocol
established, records available of most recent recalibration, and
correction values on file and used

QC Referenceweight recertified if damaged or corroded

3.3 Temperature Monitoring Device

Temperature monitoring devices graduated in 0.5°C increments
(0.2°C increments for tests which are incubated at 44.5°C) or less

No separation in fluid column of glass thermometer

No dial thermometers used which cannot be adjusted

QC Glassand eectronic thermometers calibrated annually, dia
thermometers quarterly, at the temperature used against reference
NIST thermometer or one meeting the requirements of NBS
Monograph SP 250-23

QC Calibration factor marked on thermometer and calibration
date and calibration factor recorded in QC record book

QC Thermometer discarded if off more than 1°C from reference
thermometer, reference thermometers recalibrated every 3-5 years

QC Continuous recording devices used to monitor incubator
temperature recalibrated annually as above

3.4 Incubator Unit

Incubator units have an internal temperature monitoring device
and maintain temperature of 35 + 0.5°C, and if used, 44.5 + 0.2°C
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Element

Yes

No

Comments

Thermometers placed on top and bottom shelves of use areaiin
non-portable incubators, with thermometer bulb immersed in
liquid (except for eectronic thermometers)

For aluminum block incubator, culture dishes and tubes fit snugly

QC Cadlibration-corrected temperature recorded twice daily for
daysin use, readings separated by at least four hours

Water bath equipped with gable cover and pump or paddles used to
circulate water (recommended for maintaining 44 + 0.2°C)

3.5 Autoclave

Autoclave has internal heat source, temperature gauge with sensor
on exhaust, pressure gauge, and operational safety valve

Maintains sterilization temperature during cycle and completes
entire cycle within 45 minutes when 12-15 minute sterilization
period used

Depressurizes slowly enough to ensure media will not boil over
and bubbles will not form in inverted tubes

Pressure cookers not used

QC Date, contents, sterilization time, temperature, total cycle
time, and analyst’ sinitials recorded for each cycle

QC Copy of service contract or internal maintenance protocol
and maintenance records kept

QC Maintenance conducted annually at a minimum, with record
of most recent service performed available for inspection

QC Maximum-temperature-registering thermometer or
continuous recording device used each autoclave cycle and
temperature recorded

QC Overcrowding avoided

QC Spore strips or ampules used monthly

QC Automatic timing mechanism checked quarterly with
stopwatch or other accurate timepiece or time signal

Autoclave door seals clean and free of caramelized media

Autoclave drain screen cleaned frequently

3.6 Hot Air Oven

Maintains stable sterilization temperature of 170-180°C for at |east

2 hours
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Element

Yes

No

Comments

Only dry items sterilized in hot air oven

Overcrowding avoided

Oven thermometer graduated in 10°C increments or less, with bulb
placed in sand during use

QC Date, contents, sterilization time, temperature, and analyst’s
initials recorded for each cycle

QC Spore strip or ampule used monthly

3.7 Colony Counter

Colony counter, dark field model, used to count Heterotrophic
Plate Count colonies

3.8 Conductivity Meter

Suitable for checking laboratory reagent-grade water, readable in
micromhos/cm or microsiemens/cm with measurement error not
exceeding 1% or 1 micromhos/cm, whichever is more lenient

QC Cdl constant determined monthly

In-line unit which cannot be calibrated not used to check reagent-
grade water

3.9 Refrigerator

Maintains 1-5°C

Thermometer graduated in 1°C increments or less, with
thermometer bulb immersed in liquid

QC Temperature recorded for daysin use at least once per day

3.10 Inoculating Equipment

Sterile metal or disposable plastic loops, wood applicator sticks,
sterile swabs, or sterile plastic disposable pipet tips used

Wood applicator sticks sterilized by dry heat

Metal inoculating loops and needles made of nickel alloy or
platinum (nickel alloy loops not used for oxidase test)

3.11 Membrane Filtration (MF) Equipment

MF units of stainless stedl, glass, or autoclavable plastic, not

scratched or corroded and do not leak
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Element

Yes

No

Comments

QC Graduations on funnels used to measure sample volume

checked for accuracy have tolerance of <2.5%, and arecord of this

calibration check retained

10x to 15x stereo microscope with fluorescent light source used to
count sheen colonies

Membrane filters approved by manufacturer for usein total
coliform analysis of water

Membrane filters of cellulose ester, white, gridmarked, 47 mm
diameter, and 0.45 pum pore size

Membrane filters and pads purchased presterilized or autoclaved
before use

Lot number and date received recorded for membrane filters

3.12 Culture Dishes (loose or tight lids)

Presterilized plastic or sterilizable glass culture dishes used

Sterility of glass culture dishes maintained by placement in
stainless steel or aluminum canisters or wrapped in heavy
aluminum fail or char-resistant paper

Loose-lid dishesincubated in tight-fitting container with
moi stened paper towel

Opened packs of disposable culture dishes resealed between use
periods

3.13 Pipets

Glass pipets sterilized and maintained in stainless steel or
aluminum canisters or wrapped individually in char-resistant
paper or aluminum foil

Pipets with legible markings, not chipped or etched

Opened packs of disposable sterile pipets resealed between use
periods

Pipets delivering volumes of 10 mL or less accurate within 2.5%
tolerance

Micropipetters used with sterile tips,calibrated annually, and
replaced if tolerance greater than 2.5%

3.14 Culture Tubesand Closures

Tubes of borosilicate glass or other corrosion-resistant glass or
plastic
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Element

Yes

No

Comments

Culture tubes and containers of sufficient size to contain medium
plus sample without being more than three quarters full

Tube closures used of stainless sted, plastic, aluminum, or screw
caps with non-toxic liner; cotton plugs not used

3.15 Sample Containers

Wide-mouth plastic or non-corrosive glass bottles, with non-
leaking ground glass stoppers or caps with non-toxic liners, or
sterile plastic bags containing sodium thiosulfate used

Sample container capacity at least 120 mL (4 0z)

Glass stoppers covered with aluminum foil or char-resistant paper
for sterilization

Sample containers sterilized by autoclaving or (for glass bottles)
dry heat

Containers moistened with several drops of water before
autoclaving to prevent "air lock" sterilization failure

Sufficient sodium thiosulfate added to sample containers before
sterilization, if laboratory analyzes chlorinated water

3.16 Glassware and Plasticware

Glassware made of borosilicate glass or other corrosion-resistant
glass, free of chips and cracks, with markings legible

Plastic items clear and non-toxic to microorganisms

QC Graduated cylinders and pre-calibrated containers used to
measure samples volumes accurate with atolerance of 2.5% or less

QC New lots of pre-calibrated containers validated to have 2.5%
tolerance

3.17 Ultraviolet Lamp (if used)

Unit cleaned monthly by wiping with soft cloth moistened with
ethanal

QC If used for sanitization, tested quarterly with UV light meter
or by agar spread plate method (other methods acceptable if data
demonstrates they are as effective)

4. GENERAL LABORATORY PRACTICES

Laboratory facilities clean, temperature and humidity controlled,
and adequate lighting

4.1 Sterilization Procedures
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Element

Yes

No

Comments

Required times for autoclaving material at 121°C (except for
membrane filters and pads and carbohydrate-containing media,
indicated times represent minimum times, dependent upon
volumes, containers, and loads):

- membranefilters and pads 10 min

- carbohydrate containing media 12-15 min
- contaminated test materials 30 min

- membranefilter assemblies 15 min

- sample collection containers 15 min

- individual glassware 15 min

- dilution water blank 15 min

- rinsewater (0.5-11L) 15-30 min*

* time depends upon water volume per container and autoclave
load

Autoclaved membrane filters and pads and all media removed
immediately after completion of sterilization cycle

Membrane filter equipment autoclaved before beginning of first
filtration series (filtration series ends when 30 minutes or |onger
elapses after a sampl e filtered)

When UV light (254 nm) used to sanitize equipment, all supplies
presterilized and QC checks conducted on UV lamp

UV light used to control bacterial carry-over between samples
during filtration series (optional)

4.2 Sample Containers

QC Sterility of each ot of sample containers or bags confirmed
by adding 25 mL of a sterile non-selective broth to at least one
container, incubating at 35 + 0.5°C for 24 hours and checking for
growth

4.3 Reagent-Grade Water

Only satisfactorily tested reagent water from stills or deionization
units used to prepare media, reagents and dilution/rinse water
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Element

Yes

No

Comments

QC Quality of reagent water should be tested and meets the
following criteria:

- conductivity <2 micromhos/cm monthly
(microsiemens/cm) at 25°C

- Pb, Cd, Cr not greater than 0.05 mg/L per annually
Cu, Ni, Zn contaminant, and no greater
than 0.1 mg/L total

- total chlorine  <0.1 mg/L monthly
residual*

- heterotrophic  <500/mL monthly
plate count*

- bacteriological ratio of growth rate 0.8:3.0 annually
quality of
reagent water*

* See section 4.3.2 of this chapter for additional details

4.4 Dilution/Rinse Water

Stock buffer solution or peptone water prepared as specified in
Standard Methods

Stock buffers autoclaved or filter-sterilized and containers |abeled,
dated, and refrigerated

Stored stock buffer free of turbidity

QC Each batch of dilution/rinse water checked for sterility by
adding 50 mL of water to 50 mL double strength non-selective
broth, incubating at 35 + 0.5°C for 24 hours, and checking for
growth

4.5 Glassware Washing

Distilled or deionized water used for final rinse

QC Glasswareinhibitory residue test performed on initial use of
washing compound and whenever different formulation or washing
procedure used

QC Batches of dry glassware spot-checked for pH reaction

Laboratory glassware washed with detergent designed for

laboratory use

5. ANALYTICAL METHODOLOGY
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Element

Yes

No

Comments

5.1 General

Only analytical methodology specified in Total Coliform Rule and
Surface Water Treatment Rule used for compliance samples

Laboratory certified for all analytical methods it uses for
compliance purposes

Laboratory certified for at least one total coliform method and one
fecal coliform or E. coli method

Laboratory certified for a second total coliform method, if one
method cannot be used for some drinking waters

Laboratory that enumerates heterotrophic bacteria (i.e., HPC) for
compliance with the Surface Water Treatment Rule certified for
the Pour Plate Method

Absorbent pads, when used, saturated with liquid medium and
excess removed

Water sample shaken vigoroudy (about 25 times) before analysis

QC If nototal coliform-positive results occur during a quarter,
laboratory performs coliform procedure using a known coliform-
positive, fecal coliform- and/or E. coli-positive control to spike the
sample

Sample volume analyzed for total coliformsin drinking water is
100+ 2.5mL

Media

Dehydrated or prepared media manufactured commercially used
(strongly recommended)

Dehydrated media stored in cool dry location and caked or
discolored dehydrated media discarded

QC Laboratory media preparation records include:
- date of preparation
- type of medium

lot number

sterilization time and temperature

final pH

technician’sinitials
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Element

Yes

No

Comments

QC For liquid media prepared commercialy, the following are
recorded:

- datereceived

- type of medium

- lot number

- pH verification

QC Liquid media prepared commercially discarded by
manufacturer’s expiration date

QC Each new lot of dehydrated and prepared commercial
medium checked before use with positive and negative culture
controls and results recorded

QC Each new batch of laboratory-prepared medium checked
before use with positive and negative culture controls and results
recorded

Prepared plates refrigerated in sealed plastic bags or containers
not longer than two weeks, with bag or container dated with
preparation or expiration date

Loose-cap tubes of broth stored at <30°C no longer than two
weeks, tightly capped tubes no longer than 3 months at <30°C

Refrigerated medium incubated at room temperature overnight
before use and discarded if growth observed

QC Pardld testing performed between a newly approved test
procedure and another EPA-approved procedure for several
months and/or several seasons (recommended)

5.2 Membrane Filter (MF) Technique (for total coliformsin
drinking water)

Media

M-Endo broth or agar or LES Endo agar in single step or
enrichment technique used

Ethanol not denatured

Medium prepared in sterile flask and dissolved using boiling
water bath or hot plate with stir bar

Medium not boiled

LES Endo agar medium pH 7.2+ 0.2
M-Endo mediumpH 7.2+ 0.1

MF broth refrigerated no longer than 96 hours, poured MF agar
plates no longer than 2 weeks, ampuled M-Endo broth as per
manufacturer’s expiration date
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Element

Yes

No

Comments

Uninoculated media discarded if growth or surface sheen
observed

QC Sterility check conducted on each funnd in use at beginning
and end of each filtration series (filtration series ends when 30
minutes or more el apse between sampl e filtrations)

QC If gerility contral indicates contamination, all data rejected
and another sample requested

Funne s rinsed with two or three 20-30 mL portions of sterilerinse
water after each sample filtration to prevent carry-over

Inocul ated medium incubated at 35° + 0.5°C for 22-24 hours

Samples resulting in confluent or too numerous to count (TNTC)
growth invalidated unlesstotal coliforms detected (if |aboratory
performs verification test before invalidation and test is total
coliform-positive, sample isreported as such, but if test istotal
coliform-negative, sample isinvalidated)

Sample not invalidated if membranefilter contains at least one
sheen colony

All sheen colonies verified (up to a maximum of five) using either
single strength (LB) or (LTB) and single strength (BGLBB) or an
EPA-approved cytochrome oxidase and beta-gal actosidase rapid
test procedure

When picking individual colonies, up to five red questionable
sheen colonies and/or red non-sheen colonies verified to include
different types or entire MF surface is swabbed

When EC medium or EC medium + MUG used, colonies
transferred by employing one option specified by 141.21 (f)(5)

Swab used to transfer presumptive total coliform-positive culture
can inoculate up to three different media (e.g., EC medium, LTB,
and BGLBB in that order)

5.3 Multiple Tube Fer mentation Technique (MTF or MPN)
(for total coliformsin drinking water)

Total sample volume of 100 mL examined by test configuration
found in 141.21 (f)(3) or Appendix G

Media

LTB used in presumptive test and BGLBB in confirmed test
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Element

Yes

No

Comments

LB used if system conducts at least 25 paralldl tests between thig
medium and LTB and demonstrates fal se-positive rate and
false-negative rate for total coliforms of less than 10%, with
comparison documented and records retained

LTBpH 6.8+ 0.2

BGLBB pH 7.2+ 0.2

Test medium concentration adjusted to compensate for sample
volume so resulting medium single strength after sample
addition

If single 100 mL sample volume used, inverted vial replaced
with acid indicator

Medium autoclaved at 121°C for 12-15 minutes

Inverted vialsin sterile medium free of bubbles and at least one-
half to two-thirds covered after water sample added

Refrigerated sterile MTF media incubated overnight at room
temperature before use, with tubes/bottles showing growth
and/or bubbles discarded

Prepared broth media stored in dark at <30°C for no longer
than 3 months in screw-cap tubes/bottles, two weeks for those
with loose-fitting closures

Media discarded if evaporation exceeds 10% of original volume

Inocul ated medium incubated at 35°C + 0.5°C for 24 + 2 hours

If no gas or acid detected, inocul ated medium incubated for
another 24 hours

All samples showing turbid culture (i.e., heavy growth, opague) in
the absence of gag/acid production invalidated and another sample
collected from the same location (if laboratory performs confirmed
test on turbid culture and confirmed test istotal coliform-positive,
sample reported as such, but if total coliform-negative, sampleis
invalidated)

All 24- and 48-hour gas-positive or acid-positive tubes confirmed
using BGLBB

Completed Test not required

When MTF test used on water supplies that have a history of

confluent growth or TNTC by the MF procedure, all presumptive
tubes with heavy growth without gas/acid production submitted to
confirmed test and fecal coliform/E. coli test to check for coliform

suppression
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Element

Yes

No

Comments

5.4 Presence-Absence (P-A) Coliform Test (for drinking
water)

Medium

When six-times formulation strength medium used, medium
filter-sterilized, not autoclaved

Medium autoclaved for 12 minutes at 121°C with total timein
autoclave less than 30 minutes and with space between bottles

Medium pH 6.8 + 0.2

Prepared medium stored in the dark at <30°C for no longer
than 3 months

Stored medium discarded if evaporation exceeds 10% of
original volume

100 mL sampleinoculated into P-A culture bottle

Medium incubated at 35° + 0.5°C and observed for yellow color
(acid) after 24 and 48 hours

Y ellow cultures confirmed in BGLBB and fecal coliform/E. coli
test conducted

Non-yelow turbid culturein P-A medium invalidated and another
sample obtained from the same location (if confirmed test
performed and sampleistotal coliform-positive, sampleis reported
as such, but if confirmed test is negative, sample invalidated)

5.5 Fecal Caliform Test (using EC Medium for fecal coliforms
in drinking or source water, or A-1 Medium for fecal coliforms
in sour ce water only)

EC medium used to determine whether total coliform-positive
culture taken from distribution system contains fecal coliforms, in
accordance with Total Coliform Rule

EC medium used to enumerate fecal coliformsin source water, in
accordance with Surface Water Treatment Rule, using cultures
transferred from each total coliform-positive tube

Three sample volumes (10, 1, and 0.1 mL) and 5 or 10
tubes/sampl e volume used

Autoclaved at 121°C for 12-15 minutes

Medium pH 6.9 + 0.2

Inverted vials free of bubbles and at least one-half to two-thirds
covered after sample added
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Element

Yes

No

Comments

Tubes with loose-fitting closures used within two weeks, tightly
closed screw-cap tubes no longer than 3 months when held in
the dark at <30°C

Refrigerated medium incubated at room temperature overnight
before use and tubes with growth or bubblesin vials discarded

Alternatively, A-1 Medium used to enumerate fecal coliformsin
source water, in accordance with Surface Water Treatment Rule

A-1 medium not used for drinking water samples

Three sample volumes of source water (10, 1, and 0.1 mL) and 5
or 10 tubes/sample volume used

Autoclaved at 121°C for 10 minutes

Medium pH 6.9+ 0.1

Inverted vials free of air bubbles and at least one-half to two-
thirds covered after water sample added

L oose-cap tubes stored in dark at room temperature no longer
than 2 weeks, tightly closed screw-cap tubes no longer than 3
months when held in the dark at <30°C

Water level in water bath above upper level of medium in culture
tubes

EC Medium incubated at 44.5°C + 0.2°C for 24 + 2 hours

A-1 Medium incubated at 35°C + 0.5°C for 3 hours, then at
445°C £ 0.2°C for 21 + 2 hours

Any gas detected in inverted vial considered fecal coliform positive

5.6 Chromogenic/Fluorogenic Substrate Tests (MM O-MUG
Test [Calilert] for total coliformsin source water and total
coliformsand E. coli in drinking water; Colisure Test for total
coliformsand E. coli in drinking water)

Media

Purchased from commercially available source only

Media protected from light

Colisure medium refrigerated until use, brought to room
temperature before adding sample

Each lot of medium checked for autofluoresence before use with
366-nm ultraviolet light with 6 watt bulb
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Element

Yes

No

Comments

Medium which exhibits faint fluorescence discarded and
another lot used

Medium plus sample which exhibits color change before
incubation discarded and another batch of medium used

QC Each lot of medium checked by inoculating sterile water
containing the medium with a MUG-positive E. coli strain, a
MUG-negative coliform, and a non-coliform and analyzing
them

If Quanti-Tray or Quanti-Tray 2000 test used with Colilert
medium, sealer checked monthly to determine leakage

Glass bottles that contain inocul ated medium checked with 366-nm
ultraviolet light source with 6 watt bulb and discarded if
fluorescence observed before incubation

For enumeration of total coliformsin source water with Colilert
Test, 5 or 10 tube MTF, Quanti-Tray, or Quanti-Tray 2000 used
for each sample dilution tested

For chromogenic/fluorogenic substrate test only, sterile
dechlorinated tap water, deionized water, or distilled water used as
dilution water

For determining presence of total coliformsin drinking water by
chromogeni c/fluorogenic substrate test, 10 tubes each containing
10 mL water sample or single vessel containing 100 mL sample
used

For Colilert Test:

Sampleincubated at 35° + 0.5° for 24 hours (for Colilert-18
test, sample incubated 18 hours)

Yellow color in medium equal to or greater than reference
comparator indicates total coliform presence

Medium with yellow color lighter than comparator and
incubated for another 4 hours (28 hours total)

Yellow color in medium lighter than comparator incubated for
28 hours recorded as negative

For Colisure Test:

Sample incubated at 35° + 0.5°C for 28 to 48 hours

Total coliform positive sample indicates color change from

yellow to magenta
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Element

Yes

No

Comments

For E. coli determination, UV lamp (366-nm, 6-watt) shone on
total coliform-positive bottles/tubes in darkened room with blue
fluorescence indicating E. coli presence

QC Air-typeincubators tested to determine time necessary for
cold 100 mL water sample (or set of 100 mL water samples) to
reach incubation temperature of 35°C, ensuring specified
incubation time at that temperature is followed

Colilert/Colisure Test not used to confirm total coliforms on
membranefilters

Colilert/Colisure Test not used to confirm total coliformsin MTF
or P-A tests

5.7 EC Medium + MUG (for E. cali)

Total coliform-positive culture transferred to EC medium + MUG

Medium

MUG added to EC medium before autoclaving or commercially
available EC + MUG used

Final MUG concentration 50 pg/mL

Medium pH 6.9 + 0.2

Inverted vial omitted (optional)

Test tubes and autoclaved medium checked for autofluorescence
before use with 366-nm UV light

If fluorescence exhibited, non-fluorescing tubes or another ot of
medium that does not fluoresce used or MUG-positive (E. coli)
and a MUG-negative (e.g. uninoculated) control included for
each analysis

Prepared medium in tubes with loose-fitting closures used
within two weeks, or three months for tightly closed screw-cap
tubes when held in the dark at <30°C

Uninoculated medium with growth discarded

QC Each lot of commercially prepared medium and each batch
of laboratory-prepared medium checked by inoculating LTB
with positive and negative culture controls, incubating at 35°C
+ 0.5°C for 24 hours and then transferring to EC Medium +
MUG for further incubation at 44.5°C + 0.2°C for 24 hours,
with results read and recorded

Water level of water bath above upper level of medium
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Element

Yes

No

Comments

Incubated at 44.5° + 0.2°C for 24 + 2 hours

Fluorescence checked using UV lamp (366-nm) with 6 watt bulb in
adarkened room

5.8 Nutrient Agar + MUG Test (for E. coli)

Medium

Medium autoclaved in 100 mL volumes at 121°C for 15
minutes

MUG added to Nutrient Agar before autoclaving or Nutrient
Agar + MUG purchased commercialy

Final MUG concentration 100 pg/L

Medium pH 6.8 + 0.2

Medium in petri dishes stored refrigerated in plastic bag or
tightly closed container and used within two weeks

Refrigerated sterilized medium incubated at room temperature
overnight and plates with growth discarded

QC Quality of medium lot/batch evaluated by filtering or spot-
inoculating positive and negative control cultures onto membrane
filter on M-Endo medium, incubating at 35°C for 24 hours, then
transferring filter to NA + MUG and further incubating at 35°C for
4 hours, with results read and recorded

Filter containing total coliform colony(ies) transferred to surface of
Nutrient Agar + MUG medium

Before incubation, presence of each sheen colony marked on petri
dish lid with permanent marker, and lid and base marked to
realign lid when removed

For total coliform verification test, portion of colony transferred
with needle before or after NA + MUG incubation

Alternatively, membrane filter surface swabbed with sterile cotton
swab after 4 hour incubation and transferred to total coliform
verification test

Inoculated medium incubated at 35 + 0.5°C for 4 hours

Fluorescence checked using UV lamp (366 nm) with 6 watt bulbin
a darkened room, with any fluorescence in halo around sheen
colony considered positive for E. coli

5.9 Heterotrophic Plate Count for enumerating heterotrophsin
drinking water
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Element

Yes

No

Comments

Pour Plate Method used for enumerating heterotrophic bacteriain
drinking water and for testing reagent grade water

For systems granted a variance from Total Coliform Rule's
maximum contaminant level, any method in Standard Methods
used with R2A medium for enumerating heterotrophic bacteriain
drinking water

Media (plate count agar [tryptone glucose extract agar] and R2A
agar)

Plate count agar pH 7.0 £ 0.2

R2A agar pH 7.2+ 0.2

(For Pour Plate Method) melted agar tempered at 44-46°C in
waterbath before pouring, held no longer than 3 hours, and
melted only once

(For Spread Plate Method) 15 mL of R2A medium or other
medium poured into petri dish and solidified

Refrigerated medium in bottles or screw-capped tubes stored for
up to 6 months, petri dishes with medium for up to 2 weeks
(one week for R2A prepared petri dishes)

Countable plates obtained for most potable waters by plating 1.0
mL and/or 0.1 mL volume of undiluted sample

At least duplicate plates per dilution used

(For Pour Plate M ethod)

Sample pipetted aseptically into bottom of petri dish and then
12-15 mL tempered melted agar added

Sample mixed with spillage avoided

After solidification on level surface, platesinverted and
incubated at 35°C £ 0.5°C for 48 = 3 hours

Plates stacked no more than four high

(For Spread Plate M ethod)

0.1 or 0.5 mL of sample or dilution pipetted onto surface of pre-
dried agar plate and inoculum spread over entire agar surface
using sterile bent glassrod

Inoculum absorbed completely before plates inverted and
incubated at 20-28°C for 5-7 days

(For Membrane Filter Technique)
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Element

Yes

No

Comments

Volumefiltered to yield between 20-200 colonies

Filter transferred to petri dish containing 5 mL solidified R2A
medium and incubated at 20-28°C for 5-7 days

Petri dishes with loose-fitting lids placed in container with close
fitting lid and moistened paper towels

Colonies counted using stereoscopic microscope at 10-15X
magnification

(For Pour Plate and Spread Plate Techniques)

Colonies counted manually using dark field colony counter

Only plates with 30 to 300 colonies counted, except for plates
inoculated with 1.0 mL of undiluted sample

Fully automatic colony counters not used

QC Medium sterility verified by pouring final control plate and
data rejected if control contaminated

5.10 Membrane Filter Technique (for enumerating total
coliformsin sour ce water)

Same as Section 5.2, Membrane Filter Technique (for total
coliformsin drinking water), except invalidation does not apply

Appropriate sample dilutions used to yield 20 to 80 total coliform
colonies per membrane

Initial counts adjusted based upon verified data

QC If two or more analysts available, each countstotal coliform
colonies on same membrane monthly and agree within 10%

5.11 Multiple Tube Fermentation Technique (for enumerating
total coliformsin sour ce water)

At least three series of 5 tubes each with appropriate sample
dilutions of source water used

Same as Section 5.3, Multiple Tube Fermentation Technique (for
total coliformsin drinking water) except on sample invalidation

All samplesinvalidated which produce turbid growth in the
absence of gag/acid production in LTB or LB and another sample

obtained, which may be tested using another method
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Element

Yes

No

Comments

Alternatively, confirmed test performed on turbid culturein the
absence of gag/acid production and, if total coliform-positive, most
probable number reported, or if total coliform-negative, sample
invalidated and another requested

5.12 Fecal Coliform Membrane Filter Procedure (for
enumer ating fecal coliformsin sour ce water)

Medium

m-FC broth (with or without agar) sterilized by bringing to
boiling point, not autocl aved

Medium final pH 7.4 + 0.2

Prepared medium refrigerated and broth discarded after 96
hours, poured agar medium in petri dishes after 2 weeks

Uninoculated medium discarded if growth observed

Sample volumes yield 20-60 fecal coliform colonies per membrane
for at least one dilution

QC Funndsrinsed with two or three 20-30 mL portions of sterile
rinse water after each sample filtration to prevent carry-over

QC Sterility checked at beginning and end of each filtration
series and all data rejected from affected samples and resampling
requested if controls contaminated

Inocul ated medium incubated at 44.5°C + 0.2°C for 24 + 2 hours

QC If two or more analysts available, each counts fecal coliform
colonies on same membrane monthly and counts agree within 10%

6. SAMPLE COLLECTION, HANDLING, AND PRESERVATION

6.1 Sample Collector

Trained in aseptic sampling procedures and, if required, approved
by appropriate regulatory authority or designated representative

6.2 Sampling

Sample representative of water distribution system

Water taps used for sampling free of aerators, strainers, hose
attachments, mixing type faucets, and purification devices

Cold water tap used

Service line cleared before sampling by maintaining steady water
flow for at least 2 minutes
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Element

Yes

No

Comments

At least 100 mL sample volume collected, alowing oneinch air
spacein container

Sample information form completed immediately after sample
collection

Source water representative of supply, collected not too far intake
at areasonable distance from shore

6.3 Samplelcing

Samples held at <10°C during transit to laboratory
(recommended for drinking water, required for source water)

6.4 SampleHolding/Travel Time

Time from sample collection to initiation of analysis for total
coliforms, fecal coliforms, or E. coli does not exceed 30 hours for
drinking water samples

Time from sample collection to initiation of analysis for total
coliforms and fecal coliformsin source water and heterotrophic
bacteria in drinking water does not exceed 8 hours

All samples analyzed on day of receipt by laboratory, unless
laboratory receives sample late in day and then refrigerates sasmple
overnight and begins analysis within holding time

6.5 Sample Information Form

Entered on sample information form in indelible ink:

- name of system (PWSS identification number if available)

- sampleidentification (if any)

- sample site location

- sampletype (e.g. routine, repeat, raw or Process)

- date and time of collection

- analysisrequired

- disinfectant residua

- name of sampler and organization (if not water system)

- sampler’sinitials

- person(s) transporting sample from system to laboratory
(if not sampler)

- transportation condition (e.g. <10°C, protection from
sunlight), if shipper used, shipping records available

- any remarks

6.6 Chain-of-Custody

Applicable regulations followed by collectors and laboratory

7. QUALITY ASSURANCE
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Element

Yes

No

Comments

Written QA Plan prepared, followed, and available for inspection

8. RECORDS AND DATA REPORTING

8.1 Legal Defensibility

Compliance monitoring data legally defensible by keeping
thorough and accurate records

QA plan and/or SOPs describe policies and procedures used by
facility for record retention and storage

Chain-of-custody procedures used if samples expected to become
part of legal action

8.2 Maintenance of Records

Microbiological analyses records kept by or accessible to laboratory
for at least 5 years or until next certification data audit completed,
whichever islonger

Client water system notified before disposal of records

8.3 Sampling Records

Data recorded in ink with changes lined through such that original
entry visible and changesinitialed and dated

Sampling records include:
- sampleinformation form, from Section 6.5
date and time of sample receipt by laboratory
name of laboratory person receiving sample
if any deficiency in sample condition noted, sample, at a
minimum, flagged
if sampletransit time exceeds 30 hours (8 hours for source
water samples), sample tagged

8.4 Analytical Records

Data recorded in ink with changes lined through such that original
entry visible and with changes initialed and dated

Analytical recordsinclude:
- laboratory sample identification
- date and time analysis begins
- laboratory and person(s) responsible for performing analysis
- analytical technique or method used
- dl items marked QC
- results of analysis

8.5 Preventive Maintenance
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Element

Yes

No

Comments

Preventive maintenance and repair records for all instruments and
equipment kept for 5 years

9. ACTION RESPONSE TO LABORATORY RESULTS

9.1 Testing Total Coliform-Positive Cultures

For the Total Coliform Rule, all total coliform positive cultures
tested for presence of either fecal coliforms or E. coli

9.2 Notification of Positive Results

For Total Coliform Rule, proper authority notified promptly by
laboratory of positivetotal coliform, fecal coliform or E. coli
results

Total coliform positive result based on confirmed phase for MTF
Technique and P-A Coliform Test or verified test for MF
Technique (no requirement for confirmation of positive
Colilert/Calisure, fecal coliform or E. coli tests)

9.3 Invalidation of Total Coliform-Negative Sample

For Total Coliform Rule, proper authority notified when results
indicate non-coliforms may have interfered with total coliform
analysis
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Chapter VI
Critical Elementsfor Radiochemistry

1. Personnel

1.1 Laboratory Supervisor

Thelaboratory supervisor should have at least abachel or's degree with amajor in chemistry or equivalent and at | east
one year of experience in the analysis of drinking water for radiochemicals. The laboratory supervisor should have
at least aworking knowledge of quality assurance principles. Thelaboratory supervisor hasimmediate responsibility
toinsurethat all laboratory personnel have demonstrated their ability to satisfactorily perform the analyses to which
they are assigned and that all data reported by the laboratory meet the required quality assurance criteria.

1.2 Laboratory Analyst

Thelaboratory analyst should have at |east abachel or's degree with amajor in chemistry or equivalent and at least one
year of experiencein the analysis of drinking water for radiochemicals. If theanalyst isresponsiblefor the operation
of analytical instrumentation, he or she should have completed specialized training offered by the manufacturer or
another qualified training facility or served aperiod of apprenticeship under an experienced analyst. The duration of
this apprenticeship is proportional to the sophistication of the instrument.

Before beginning the analysis of compliance samples, the analyst should demonstrate acceptable results for blanks,
blind spikes, precision, accuracy, method detection and specificity and satisfactory analysis on unknown samples.

1.3 Technician
The laboratory technician should have at least a high school diploma or equivalent, complete a method training
program under an experienced analyst and have six monthsbench experiencein theanal ysisof drinking water samples.

Before beginning theanalysis of compliance sampl es, the technician should demonstrate acceptableresultsfor blanks,
blind spikes, precision, accuracy, method detection and specificity and satisfactory analysis on unknown samples.

1.4 Sampling Personnel
Personnel who collect samples should have training in the proper collection technique for all types of sampleswhich
they collect. Their technique should be reviewed by experienced sampling personnd.

1.5 Analysts and Operatorsin Training
Data produced by analysts and instrument operators while in the process of obtaining the required training or
experience are acceptable only when reviewed and validated by a fully qualified analyst or the laboratory supervisor.

1.6 Waiver of Academic Training Requirement
The certification officer may waive the need for specified academic training, on a case-by-case basis, for highly
experienced analysts.

Training records should be maintained for all personnel. These should include all job related formal training taken
by the analyst which pertains to any aspect of his’her responsibilities, including but not limited to anaytica
methodol ogy, laboratory safety, sampling, quality assurance, data analysis, etc.

2. Laboratory Facilities

2.1 General

Theanalysisof compliance samplesshould beconducted in alaboratory wherethe security and integrity of the samples
and the data can be maintained. The laboratory facilities should be clean, have adequate temperature and humidity
control and adequatelighting at thebench top. Thelaboratory must have provisionsfor the proper disposal of chemical
and

radiol ogical wastes, including liquid scintill ation cocktail mixtures. Theappropriatetypeof exhaust hoodsarerequired
where applicable.
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A minimum of 150-200 sguare feet of laboratory space and 15 linear feet of usable bench space per analyst are
recommended. Thereshould be sufficient bench spacefor processing samples. Workbench space should be convenient
to sink, water, gas, vacuum and electrical outlets free from surges.

Analytical and samplestorageareasshould beisolated fromall potential sourcesof contamination. Any samplehaving
an emission rate in excess of 0.5 mrem/hr should be stored in a secured location away from drinking water samples.
There should be sufficient storage space for chemicals, glassware and portable equipment, sufficient floor and bench
space for stationary equipment and areas for cleaning materials.

2.2 Instrumentation
Instruments must be properly grounded. Counting instruments must be located in aroom other than the one in which
samples and standards are being prepared and in which other types of wet chemical analyses are being performed.

An uninterrupted power supply should be available for radiation counting equipment.

2.3 Preparation of Standards

In areas where radioactive standards are being prepared, care should be taken to minimize contamination of surfaces,
other samplesand personnel. Either bench surfacesof animperviousmaterial covered with adsorbent paper, or plastic
or fiberglass trays lined with adsorbent paper are acceptable.

3. Laboratory Equipment and Instrumentation

The laboratory is required to have the equipment, supplies and instrumentation necessary to perform the approved

methods for which it is certified.

3.1 Radiation Counting I nstruments

The types of radiation counting systems needed to comply with measurements described in theregulations are as

follows:
3.1.1Liquid cintillation system: A liquid scintillation system isessential if thelaboratory isto be certified
for the measurement of tritium in drinking water samples. It is recommended that the liquid scintillation
system have spectral analysis capahilities to establish proper regions of energy discrimination. The system
must have a sensitivity adequate to meet or exceed the detection limit requirements of CFR 141.25(c).

3.1.2 Gas-flow proportional counting system: A gas-flow proportional counting system may be used for
the measurement of gross al pha and gross beta activities, radium-226, radium-228, strontium-89, strontium-
90, radioactive cesium,and iodine-131 as described in the referencein CFR 141.25(a). The detector may be
either a"windowless' (internal proportional counter) or a "thin window" type. A combination of shielding
and a cosmic (guard) detector operated in anticoincidence with the main detector should be used to achieve
low background beta counting capability. The apha and beta background count of the system must be low
enough so that the sengitivity of theradioanalysis of water ssmpleswill meet or exceed the requirement of 40
CFR 141.25(c) with reasonable counting time (not more than 1,000 minutes).

3.1.3 Alpha scintillation counting system: For measurement of gross alpha activities and radium-226, a
scintillation system designed for apha counting may be substituted for the gas-flow proportional counter
described. In such a system, a Mylar disc coated with a phosphor (silver-activated zinc sulfide) is either
placed directly on the sample or on the face of a photomultiplier tube, enclosed within alight-tight container,
along with the appropriate dectronics (high voltage supply, preamplifier, amplifier, timer and scaler).

3.1.4 Scintillation cell system: A scintillation system designed to accept scintillation flasks ("Lucas cells")
should be used for the specific measurement of radium-226 by the radon emanation method. The system
consists of alight-tight enclosure capabl e of accepting the scintillation flasks, a detector (phototube), and the
appropriated ectronics(high voltage supply, amplifier, timers, and scalers). Theflasks(cells) needed for this
measurement may either be purchased from commercial suppliers or constructed by the laboratory.
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3.1.5 Gamma spectrometer systems. Either a solid state lithium drifted germanium Ge(Li) detector or a
high purity intrinsic Ge(Hp) germanium detector connected to a multichannel analyzer is needed if the
laboratory is to be certified for analyses of manmade photon emitters.

A system with a lithium drifted germanium, or a high purity intrinsic germanium detector may be used for
measurement of manmade photon emittersif the efficiency of the detector is adequate to meet the detection
limitsrequired at 40 CFR 141.25(c). These detectors should be shielded with aminimum of 10cm of iron or
equivalent. Themultichanned analyzer, in addition to appropriate el ectronicsshould contain amemory of not
less than 4096 channels and at least one readout device.

3.1.6 Alpha Spectrometer System and Beta Scintillation: These counters and others as mentioned in
legidation.

4. General Laboratory Practices

4.1 Chemicalg/reagents. Chemicalsand reagents used must meet the specificationsin the methods. If not specified,
then "Analytical reagent grade" (AR) or American Chemical Society (ACS) grade chemicalsor better should be used.
Radi oactive standards shoul d be certified by theNational Institute of Standardsand Technology (NIST, formerly NBS)
or traceable to a certified source.

4.2 Reagent Water: The laboratory should have a source of reagent water, ASTM type 1,2,3 or equivalent, having
aminimum resistance of 10 megohms/cm at 25°C. The background radioactivity should be checked periodically and
should not be at alevel which interfers with the radionuclide tests.

4.3 Glassware/Plasticware: Specific requirements in the methods for the cleaning of glassware must be followed.
If there areno specifications, glassware should be acid washed then washed in detergent solution and thoroughly rinsed
first with tap water and then with reagent water.

4.4 Safety: Guiddinesin the Laboratory Safety Manual, the Chemical Hygiene Plan or the Standard Operating
Procedures should include proper worker safety training and protection. When circumstances warrant the use of
protective equi pment, this should include the use of gloves, laboratory coats, eye protection, and the proper pipetting
techniques.

5. Analytical M ethods
The approved methods cited in the CFR at §141.25(a) and (b) must be used for the analysis of drinking water
compliance samples. Thesearelisted in Table VI-1.

6. Sample Collection, Handling, and Preservation
Samplecontainers, preservatives and holding timesin themethods must befollowed. TableVI-2listscritical elements
for sample handling including preservation. Sample preservatives should be checked for radioactive content.

7. Quality Assurance

Additional information is contained in Appendix H. Specific items are referenced throughout.

7.1 General Requirements
7.1.1 Availability of Records and Documents: The analytical methods, quality assurance manual and
standard operating procedures should bereadily availabletotheanaysts. All quality control dataand records
should be available for inspection by the certification officer.

7.2 Performance Evaluation Studies Two types of performance eval uation studies are administered by NERL-LV:
7.2.1 Blind performance evaluation studies. Two water samples (A&B) are distributed twice each year.
These samplescontain amixture of alpha, beta, and gammaanalytes. A laboratory must successfully analyze
at least one set of performance samples each year (either those distributed by NERL-LV or other PE samples
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acceptable to the State) within the acceptance limits for each analyte for which the laboratory wishes to be
certified.

7.2.2 Other performance evaluation samples. Water samples containing avaried number of analytesare
distributed several times per year. A laboratory should successfully analyze at |east two sets each year within
the acceptance limitsin the regulations for each analyte for which the laboratory wishes to be certified.

7.2.3 AcceptancelLimits. Theradionuclide performance evaluation studies and their acceptancelimitsare
described in the draft document, Environmental Radioactivity Performance Eval uation SudiesProgramand
Radioactive Standards Distribution Program (EPA 600/4-81-004 and EPA 600/4-80-044), available from
NERL-LV.

7.3 Operating Manuals
Operating manuals and calibration protocolsfor counting instruments should be avail ableto analysts and technicians.

7.4 Maintenance of Records
Calibration data and maintenance records on all radiation instruments and analytical balances should be maintained
in a permanent record.

7.5 Quality Control Requirements

Thefollowing are required for each analyte for which the laboratory is certified:
7.5.1 Duplicates: A minimum of one sample for every 10 or fewer compliance samples must be analyzed
in duplicateto verify internal laboratory precision for each method. The relative percent difference between
duplicates should be less than or equal to two sigma counting error for the pair of samples. If the difference
exceeds the two sigma counting error or 10% of the measured concentration, whichever is greater, prior
measurementsare suspect; cal culationsand procedures shoul d be examined and sampl es should berecounted.
All compliance samples, along with the duplicate analyses should bediscarded if reanalysis of these samples
exceeds the prescribed limits for duplicate analyses or if they cannot be recounted.

7.5.2 Fortified Sample Matrix  Matrix spikes are prepared by adding a known quantity of traceable
standard (if availabl€) solution to an actual sample. They are prepared with the sample batch and processed
identically totheactual sasmples. The added concentration should not belessthan the background. A matrix
spike sample must be prepared and used for each batch of samples, regardiess of batch size. Agreement of
the measured value +/- 20% (95% CL ) of the expected valueindicatesvalidity of thecalibration curve. If the
percent recovery exceeds thislimit, the result should be flagged as suspect due to matrix interference. Over
time, an effort should be made to spike samples from all the matrixes analyzed.

7.5.3 Counting and Background Check A counting standard and a background sampl e should be measured
with each set of 20 or fewer samples processed in a day.

7.5.4 Composited Samples Samplesmay be composited by the utility or thelaboratory provided that sample
aliquotsarefiltered before preservation and preservativeis added to thefirst and subsequent samplealiquots.
Generally, it is preferred to havethelaboratory compositethe samplestoinsureintegrity over time. Analysis
of composited samples should be completed within one year after the first sample or within 30 days of the
last ssampleif the time between samples was less than 90 days.

7.6 Instrument Performance Charts/Records
Quality control performance charts or records should be maintained for each instrument.
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7.7 QA Plan
The laboratory should prepare and follow awritten QA plan (see Chapter 111).

8. Records and Data Reporting

8.1 L egal Defensibility: Compliance monitoring datashould be madelegal ly defensi bl e by keeping thorough and
accurate records. The QA plan and/or SOPs should describethe policiesand procedures used by the facility for record
retention and storage. |f samples are expected to become part of alegal action, chain of custody procedures should be
used ( See Appendix A).

8.2 Maintenance of Records: Public Water Systems are required to maintain records of radionuclide analyses
of compliance samplesfor 10 years (40 CFR 141.33). Thelaboratory should maintain easily accessiblerecordsfor five
years or until the next certification data audit is complete, whichever islonger. The client water system should be
notified before disposing of records so they may request copiesif needed. Thisincludesall raw data, calculations, and
quality control data. These datafilesmay be either hard copy, microfiche or eectronic. Electronic datashould always
be backed up by protected tape or disk or hard copy. If the laboratory changes its computer hardware or software, it
should make provisionsfor transferring old datato the new system sothat it remainsretrievablewithin thetimeframes
specified above. Data which is expected to become part of alegal action will probably need to be maintained for a
longer period of time. Check with your legal counsel. See Appendix H, section 3.0, and Good Automated Laboratory
Practices, EPA 2185, Office of Information Management, Research Triangle Park, NC 27711, 8/10/95.

8.3 Sampling Records:  Data should be recorded in ink with any changes lined through such that original entry
isvisible. Changesshould beinitialed and dated. Thefollowing information should bereadily availablein asummary
or other record(s):
8.3.1 Date, location (including name of utility and PWSS ID #), site within the system, time of sampling,
name, organization and phone number of the sampler, and analyses required;

8.3.2 Identification of the sample as to whether it is aroutine distribution system sample, check sample,
raw or finished water sample, repeat or confirmation sample or other special purpose sample;

8.3.3 Date of receipt of the sample;

8.3.4  Sample volume/weight, container type, preservation and holding time and condition on receipt;

8.3.5 pH and disinfectant residual at time of sampling (from plant records);

8.3.6  Trangportation and ddivery of the sample (person/carrier, conditions).
8.4 Analytical Records  Data should be recorded in ink with any changes lined through such that original entry
isvishble. Changes should beinitialed and dated. The following information should be readily available:

8.4.1 Laboratory and persons responsible for performing analysis;

8.4.2  Analytical techniques/methods used;

8.4.3 Dateandtimeof anayss,

8.4.4 Results of sample and quality control analyses;

8.4.5 Cadlibration and standards information;

8.4.6  Counting and detection limit data;
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8.4.7 Results of analyses.

8.6 Computer programs. Computer programsshould beverifiedinitially and periodically by manual calculationsand
the cal culations should be availablefor inspection. Accessto computer programsand el ectronic data should belimited
to appropriate personnel.

9. Action Responseto Laboratory Results

When alaboratory isresponsible, either by contract or state policy, to report sampleresultswhich would causeasystem
to be out of compliance, the proper authority should be promptly notified and arequest should be made for resampling
from the same sampling point immediately. See Chapter 111,
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TableVI-1 Methodsfor Radionuclide Analysis CFR 141.25 (as of 2/1997)

Contaminant M ethodology Reference (method or page number)
EPA! EPA? EPA® EPA* SMm® ASTM® USGS’ DOE® Other
Naturally
occurring
Gross alpha* and Evaporation 9000 | p1l 00-01 pl 302, 7110B | ... R-1120-76 | .......
beta
Gross alpha' Co-precipitation | ..... | ........ 00-02 | ........ Ao T T I
Radium 226 Radon emanation, 9031 | p16 Ra-04 p19 7500-RaC D 3454-91 R-1141-76 Ra-05 N.Y.®
Radiochemical 9030 | p13 Ra03 | ........ 304, 305, D 2460-90 R-1140-76 | .......
7500-RaB
Radium 228 Radiochemical 904.0 | p24 Ra-05 p19 304,7500-RaD | ... R-1142-76 | ....... N.Y.®
N. J.2°
Uranium*? Radiochemical 9080 | ..o | o ] o 7500-UB |
Fluorometric 081 | voovii o | 7500-U C (17th D 2907-91 R-1180-76 uU-04
Ed.) R-1181-76
Alphaspectrometry | ..... | .. ... 00-07 p33 7500-U C (18th D 3972-90 R-1182-76 U-02
........................... or 19th Ed.)
Laser Phosphorimerry | | | | | ..o o0 D 5174-91
Man-made
Radioactive cesum Radiochemical 9010 | p4 | ... | ool 7500-CsB D-2459-72 R-1111-76 | .......
Gammaray
spectrometry 0L | ... | oo p 92 7120 (19th Ed.) D 3649-91 R-1110-76 45.2.3
Radioactive iodine Radiochemical 9020 | p6 | ... | 7s00-1B | ] e
p9 7500-1 C
Gammaray 7500-1 D D 3649-91
spectrometry 0L | ... | oo p 92 7120 (19th Ed.) D4785-88 | .......... 45.2.3
Radioactive Radiochemical 905.0 | p29 Sr-04 p. 65 303,7500-SrB | ... R-1160-76 Sr-01
Strontium 89, 90 Sr-02
Tritium Liquid scintillation 906.0 | p34 H-02 p. 87 306, 7500-3H B D 4107-91 R-1171-76 | .......
Gamma emitters Gammaray QLI | ..o | p92 7120 (19th Ed.) D 3649-91 R-1110-76 4523
Spectrometry 902.0 7500-CsB D 4785-88
901.0 7500-1 B
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The procedures shall be done in accordance with the documents listed below. The incorporation by reference of the following documents was approved by the Director of the
Federal Register inaccordancewith 5 U.S.C. 552(a) and 1 CFR part 51. Copies of the documents may be obtained from the sourceslisted below. Information regarding obtaining
these documents can be obtained from the Safe Drinking Water Hotline at 800-426-4791. Documents may be inspected at EPA’s Drinking Water Docket, 401 M Street, SW.,
Washington, DC 20460 (Tel ephone: 202-260-3027); or at the Office of Federal Register, 800 North Capitol Street, NW., Suite 700, Washington, DC.

1

gk wd

o

10.

11.

12.

“Prescribed Procedures for Measurement of Radioactivity in Drinking Water", EPA 600/4-80-032 , August 1980. Available at U.S. Department of Commerce, National
Technical Information Service ( NTIS), 5285 Port Royal Road, Springfield, VA 22161 (Telephone 800-553-6847) , PB 80-224744.

“Interim Radiochemical Methodology for Drinking Water”, EPA 600/4-75-008(revised), March 1976. Availableat NTIS, ibid. PB 253258.

"Radiochemistry Procedures Manual", EPA 520/5-84-006, December 1987. Available at NTIS, ibid. PB 84-215581.

"Radiochemical Analytical Procedures for Analysis of Environmental Samples’, March 1979. Available at NTIS, ibid. EMSL LV 053917.

"Standard Methods for the Examination of Water and Wastewater", 13th, 17th, 18th, 19th Editions, 1971, 1989, 1992, 1995. Available at American Public Health
Association, 1015 Fifteenth Street N.W., Washington, D.C. 20005 . All methods are in the 17th, 18th and 19th editions except 7500-U C Fluorometric Uranium was
discontinued after the 17th Edition, 7120 Gamma Emittersis only in the 19th Edition, and 302, 303, 304, 305 and 306 are only in the 13th Edition.

Annual Book of ASTM Standards, Vol. 11.02, 1994. Availableat American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
"Methods for Determination of Radioactive Substancesin Water and Fluvial Sediments”, Chapter A5 in Book 5 of Techniques of Water-Resources Investigations of the
United States Geological Survey, 1977. Available at U.S. Geological Survey (USGS) Information Services, Box 25286, Federal Center, Denver, CO 80225-0425.
"EML Procedures Manual”, 27th Edition, Volume 1, 1990. Available at the Environmental Measurements Laboratory, U.S. Department of Energy (DOE), 376 Hudson
Street, New York, NY 10014-3621.

"Determination of Ra-226 and Ra-228 (Ra-02)", January 1980, Revised June 1982. Available at Radiological Sciences Institute Center for Laboratories and Research,
New York State Department of Health, Empire State Plaza, Albany, NY 12201.

"Determination of Radium 228 in Drinking Water", August 1980. Availableat State of New Jersey, Department of Environmental Protection, Division of Environmental
Quality, Bureau of Radiation and Inorganic Analytical Services, 9 Ewing Street, Trenton, NJ 08625.

Natural uranium and thorium-230 are approved as gross apha calibration standards for gross alpha with co-precipitation and evaporation methods;
americium-241 is approved with co-precipitation methods.

If uranium (U) isdetermined by mass, a0.67 pCi/ug of uranium conversion factor must beused. Thisconservativefactor isbased on the 1:1 activity ratio
of U-234 to U-238 that is characteristic of naturally occurring uranium.
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Table VI-2: Sample Handling, Preservation, and I nstrumentation

Parameter Preservative' Container? Maximum Instrument-
Holding ation*
Time?

Gross Alpha Conc. HCI or HNO; to pH <2° Por G 6 mo A, B, o G

Gross beta Conc. HCI or HNO, to pH <2° Por G 6 Mo Aor G

Strontium-89 Conc. HCI or HNO, to pH <2° Por G 6 Mo Aor G

Strontium-90 Conc. HCI or HNO, to pH <2° Por G 6 Mo Aor G

Radium-226 Conc. HCI or® HNO; to pH <2 Por G 6 mo A,B.Dor G

Radium-228 Conc. HCI or HNO, to pH <2° Por G 6 mo Ao G

Cesium-134 Conc. HCl to Por G 6 mo A CoG

pH <2°

lodine-131 None Por G 8 da A Co G

Tritium None G 6 mo E

Uranium Conc. HCI or HNO, to pH <2° Por G 6 Mo F

Photon emitters Conc. HCI or HNO. to pH <2° Por G 6 mo C

Yt is recommended that the preservative be added to the sample at the time of collection unless suspended solids
activity isto be measured. It is aso recommended that samples be filtered, if suspended or settleable solids are
present, prior to adding preservative, at thetime of collection. However, if the sample hasto beshippedtoalaboratory
or storage area, acidification of the sample (in itsoriginal container) may be delayed for aperiod not to exceed 5 days.
A minimum of 16 hours must elapse between acidification and analysis.

?p = Plagtic, hard or soft; G = Glass, hard or soft.

*Holding time is defined as the period from time of sampling to time of analysis. In all cases, samples should be
analyzed as soon after collection as possible. If a composite sample is prepared, a holding time cannot exceed 12
months.

“A = Low background proportional system; B = Alpha and beta scintillation system; C = Gamma spectrometer
[Ge(Hp) or Ge(Li)]; D = Scintillation cell system; E = Liquid scintillation system (section C.2.a); F = Fluorometer
('section C.1.1); G = Low background alpha and beta counting system other than gas-flow proportional.

®If HCI is used to acidify samples which areto be analyzed for grossalphaor gross beta activities, the acid salts must
be converted to nitrate salts before transfer of the samplesto planchets.
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Sample Forms for On-Site Evaluation of Laboratories Involved in Analysis of Public Water Supplies--
Radiochemistry

Laboratory

Street

City State

Survey By

Affiliation

Date Telephone No.
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Laboratory Eval uator Date
Location
PERSONNEL
Position/Title Name Academic Present Years Years
Training Specialty Experience Experience
(chemistry) (radiochemistry)
Laboratory
Director

Quality Assurance Officer

Section/Division
chief/Director
(if applicable)

Supervisory
Analyst

Chemical
Analyst(s)

Chemical
Technician(s)

Computer Support
Technician

Electronics
Support Technician
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Laboratory Eval uator

e

Location

LABORATORY FACILITIES

Item Available Comments
Yes No

Laboratory

Electrical outlets

120V ac. grounded

Distilled or deionized water
or ASTM typel, 2, or 3

Exhaust Hood

Vacuum source

Counting Room
Separate from wet
chemistry, sample
and standards
preparation area

Regulated power supply

Reagents
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Evaluator Date

Location

GENERAL LABORATORY EQUIPMENT AND INSTRUMENTS

Item No.of Manufacturer Model Satisfactory
Units Yes No

Analytical Balance
0.1 mg sensitivity
stable base
ASTM type 1 or 2 weights or better

pH meter
0.5 units
readability 0.1 units
line or battery

Conductivity meter
Readable in ohms or mhos
Range of 2 ohms or mhos
Line or battery

Drying oven
gravity or convection
controlled from room
temp to 180°C or higher
(x2°C)

Infrared lamp
may be substituted for drying oven

Desiccator
Glass or plagtic

Hot plate
temperature control

Refrigerator

Magnetic Stirrer
variable speed
Teflon coated tir bar

Balance, top loading

Glassware

Thermometers

Muffle furnace to 450°C

Centrifuge
to 3000 rpm
to hold 4 x 50 mL
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Laboratory Date
Location Evaluator
ALL INSTRUMENTATION
Yes No Comments

Are operating manuals readily
available to the operator

Are calibration protocols available
to the operator

Arecalibrations kept in a
permanent control chart

Are permanent service
mai ntenance records kept
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Laboratory

Date

Location

Evaluator

THIN WINDOW GAS-FLOW PROPORTIONAL COUNTER

Instrument Manufacturer Model Year Sample Changing
number
Manual Automatic Capacity
Counting Gas Window Instrument Background
Density Alpha Beta
(g/cm?) Operating Voltage cpm Operating Voltage cpm
Calibration Standard
Type:
Alpha Calibration Frequency* Service Maintenance Frequency? Condition®
Beta
Supplier: D w M Other Q S A Other G R N
Alpha
Beta
WINDOWLESS GAS-FLOW PROPORTIONAL COUNTER
Instrument Manufacturer Model Year Sample Changing
number
Manual Automatic Capacity
Counting Gas Window Instrument Background
Density Alpha Beta
(g/cm?) Operating cpm Operating cpm
Voltage Voltage
Calibration
Standard
Type:Alpha Calibration Frequency* Service Maintenance Frequency? Condition®
Beta
Supplier: D w M Other Q S A Other G R
Alpha
Beta

=

. Daily, Weekly, Monthly.
. Quarterly, Semiannually, Annually.
3. Good, operating but needs Repair, Not operating

N

VI1-16




Laboratory Date
Location Evaluator
LIQUID SCINTILLATION COUNTER
Instrument Manufacturer Model Year Sample Changing
number
Manual Auto Capacity
Calibration Standard Calibration Frequency* Service Maintenance Frequency? Condition®
Type:
D W M Other Q S A Other G R N
Supplier:
ALPHA SCINTILLATION COUNTER
Instrument Manufacturer Model Year Sample Changing
number
Manual Auto Capacity
Calibration Frequency* Service Maintenance Freguency? Condition®
Calibration Standard
Type:
D w M Other Q S A Other G R N
Supplier:
RADON-GAS COUNTING SYSTEM
System Gas counting cells/system Manufacturer of gas counting Counting Instrument
number cell Make Model Y ear
Calibration Frequency* Service Maintenance Freguency? Condition®
D W M Other Q S A Other G R N

1. Daily, Weekly, Monthly.
2. Quarterly, Semiannually, Annualy.
3. Good, operating but needs Repair, Not operating
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Laboratory

Date
Location Evaluator
GAMMA SPECTROMETER SYSTEM
Detector System System Number
Type Make Model Year Size
Analyzer System
Make Model Y ear Channels
Calibration Standard
Type
Calibration Frequency Service Maintenance Frequency Condition
Supplier D W M Other Q S A Other G R
OTHER APPROVED DETECTOR
Detector System System Number
Type Make Model Year Size
Analyzer System
Make Model Y ear Channels
Calibration Standard
Type
Calibration Frequency Service Maintenance Frequency Condition
Supplier D W M Other Q S A Other G R

N

Daily, Weekly, Monthly.
Quarterly, Semiannualy, Annualy.
Good, operating but needs Repair, Not operating
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Laboratory

Date

Location

Evaluator

SAMPLE HANDLING AND PRESERVATION

Parameter

Container
Used

Preservative Used

Comments

Satisfactory
Yes No

Gross Alpha Activity

Gross Beta Activity

Strontium-89

Strontium-90

Radium-226

Radium-228

Cesium-134

lodine-131

NONE

Tritium

NONE

Uranium

Photon Emitters

a
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Laboratory Date
Location Evaluator
METHODOLOGY
Parameter Sample Method* Used - Cite Edition, Year, and Page Satifactory
Load/Mo EPA SM1 ASTM USGS DOE Other Yes No

Gross Alpha Activity

Gross Beta
Activity

Strontium-89

Strontium-90

Radium-226

Radium-228

Cesium-134

lodine-131

Tritium

Uranium

Photon
Emitters
Identify:

a

b.

C.

d.

€.

1 - Methods used must be referenced in the National Primary Drinking Water Regulations (40 CFR 141.25)
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Laboratory

Date

Location

Evaluator

QUALITY CONTROL

Item Performance Evaluation Studies Blind PE Studies
Al B? Al B?

Participation in Gross Alpha Gross Alpha
performance
evaluation and Gross Beta Gross Beta
Blind PE
sudies Sr-89 Sr-89

Sr-90 Sr-90
Reporting Period: Ra-226 Ra-226

Ra-228 Ra-228

to Uranium Uranium

Cs134 Cs134

Cs-137 Cs-137

Co-60 Co-60

Ba-133

Written QA Plan
Zn-65 implemented and
- available for review

Tritium

1-131

Frequency Yes No Comments Satisfactory

Yes No

Duplicate analyses
Spikes
Failed PE studies
Control charts
Cadlibration and
Maintenance records

1 - Scheduled frequency of participation by the laboratory, times per year.
2 - Number of acceptable performance results in the past year, where an acceptable result is anormalized deviation from the known value of <3.0

sigma.
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Laboratory

Date

Location

Evaluator

DATA REPORTING

Iltem

Comments. systems used, frequency, €etc.

Records kept for 10 years
Actual laboratory reports

Tabular Summary

Information included
Date

Place of sampling

Time of sampling

Sampler

Date of sample receipt

Date of analysis

Type of analysis

Laboratory & person
responsible

Other reported data

Other reported data

Method(s) used

Results
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A.

Appendix A
Chain-of-Custody Evaluations

Introduction

Written procedures for samplehandling should beavailableand followed whenever samplesare collected, transferred,
stored, analyzed or destroyed. For the purposes of litigation, it is necessary to have an accurate written record to trace
the possession and handling of samples from collection through reporting. The procedures defined here represent a
means to satisfy this requirement.

A sampleisin someon€e's "custody” if:

1

2.

3.

4.

Itisin one s actual physical possession;
Itisin one sview, after being in one's physical possession;
It isone' s physical possession and then locked up so that no one can tamper with it;

It iskept in asecured area, restricted to authorized personned only.

B. Sample Collection, Handling and | dentification

1

It isimportant that a minimum number of persons be involved in sample collection and handling. Guiddines
establishedin standard manual sfor sampl ecoll ection preservation and handling should beused (e.g., EPA NPDES
Compliance Sampling Inspection Manual, MCD 51, Standard Methods for Examination of Water and
Wastewater). Field records should be completed at the time the sample is collected and should be signed or
initialed, including the date and time, by the sample collector(s). Field records should contain the following
information:

a.  Unique sample or log number;

b. Dateandtime

c. Source of sample (including name, location and sample type);

d. Preservative used;

e. Anaysesrequired;

f.  Name of collector(s);

g. Pertinent field data (pH, DO, Cl residual, etc.);

h. Serial number on seals and transportation cases,

i. Comments.

Each sampleisidentified by affixing a pressure sensitive gummed label or standardized tag on the container(s).
Thislabd should contain the sample number, source of sample, preservative used, and the collector(s) initials.
The analysis required should be identified. Where a labd is not available, the sample information should be

written on the sample container with an indelible marking pen. An example of a sample identification tag is
illustrated in Figure A-1.
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3. Theclosed samplecontainer should then be placed in atransportation case along with the chain-of-custody record
form, pertinent field records, and analysisrequest form. Thetransportation case should then be sealed and |abel ed.
All records should befilled out legibly in waterproof pen. The use of locked or sealed chests will eiminate the
need for close control of individual samplecontainers. However, therewill undoubtedly be occasionswhen the use
of a chest will be inconvenient. On these occasions, the sampler should place a seal around the cap of the
individual sample container which would indicate tampering if removed.

C. Transfer of Custody and Shipment

1. When transferring the possession of the samples, the transferee must sign and record the date and time on the
chain-of-custody record. Custody transfers, if made to a sample custodian in the field, should account for each
individual sample, although samples may betransferred asagroup. Every person who takes custody must fill in
the appropriate section of the chain-of-custody record.

2. The field custodian (or field sasmpler if a custodian has not been assigned) is responsible for properly
packaging and dispatching samplesto the appropriate laboratory for analysis. This responsibility includes
filling out, dating, and signing the appropriate portion of the chain-of-custody record. A recommended chain-
of-custody format isillustrated in Figure A-2.

3. All packages sent to thelaboratory should be accompani ed by the chain-of-custody record and other pertinent
forms. A copy of these forms should be retained by the field custodian (either carbon or photocopy).

4. Mailed packages can be registered with return receipt requested. |f packages are sent by common carrier,
recel pts should be retained as part of the permanent chain-of-custody documentation.

5. Samplesto betransported must be packed to prevent breakage. If samples are shipped by mail or by other
common carrier, the shipper must comply with any applicable Department of Transportation regulations.
(Most water samples are exempt unless quantities of preservatives used are greater than certain levels.) The
package must be sealed or locked to prevent tampering. Any evidenceof tampering should bereadily detected
if adequate sealing devices are used.

6. If thefield sampler delivers samplesto the laboratory, custody may be relinquished to laboratory personnel.
If appropriate personnel are not present to receive the samples, they should belocked in adesignated area of
thelaboratory to prevent tampering. Theperson delivering the samplesshould makealog entry stating where
and how the sasmples were delivered and secured. Laboratory personne may then receive custody by noting
in aloghook, theabsence of evidence of tampering, unlocking the secured area, and signing the custody sheet.

D. Laboratory Sample Control Procedures

Sample control procedures are necessary in the laboratory from the time of sample receipt to the time the sampleis
discarded. The following procedures are recommended for the laboratory:

1. A specific person must be designated as custodian and an alternate designated to act as custodian in the
custodian’ s absence. All incoming samples must be received by the custodian, who must indicate receipt by
signing the accompanying custody/control formsand who must retai n the signed forms as permanent records.

2. The custodian must maintain a permanent logbook to record, for each sample, the person delivering the
sampl e, the person receiving the sample, date and time received, source of sample, datethe samplewastaken,
sampleidentification log number, how transmitted to thelaboratory, and condition received (seal ed, unseal ed,
broken container, or other pertinent remarks). Thislog should al so show the movement of each samplewithin
the laboratory; i.e., who removed the sample from the custody area, when it was removed, when it was
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10.

returned, and when it was destroyed. A standardized format should be established for logbook entries.

A clean, dry, isolated room, building, and/or refrigerated space that can be securely locked from the outside
must be designated as a "custody room."

The custodian must ensurethat heat-sensitive sampl es, light-sensitive samples, radi oactive samples, or other
sample materials having unusual physical characteristics, or requiring special handling, are properly stored
and maintained prior to analysis.

Digtribution of samples to the analyst performing the analysis must be made by the custodian.
The laboratory area must be maintained as a secured area, restricted to authorized personnel only.

Laboratory personnel are responsible for the care and custody of the sample onceit isreceived by them and
must be prepared to testify that the sample wasin their possession and view or secured in the laboratory at
all times from the moment it was received from the custodian until thetimethat the analyses are compl eted.

Oncethesampleanal ysesarecompl eted, the unused portion of thesampl e, together with all identifying labels,
must be returned to the custodian. The returned tagged sample must be retained in the custody room until
permission to destroy the sampleis received by the custodian.

Sampleswill be destroyed only upon the order of the responsiblelaboratory official when it iscertain that the
informationisnolonger required or the sampleshavedeteriorated. (For example, standard proceduresshould
include discarding samples after the maximum holding time has elapsed.) The same procedure is true for
sampletags. Thelogbook should show when each sample was discarded or if any sampletag was destroyed.

Procedures should be established for internal audits of sample control information. Records should be examined

to determine traceability, completeness, and accuracy.
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Figure A-1 Sample Identification Tag Examples

GENERAL CHEMISTRY
PH Acid
CZ> Official Sample No. Cond  Alk
o U TS S04
w o
[+ o o DS Cl
Py (@}
a @ sS F
ut
. BOD, Cr.+6
w Dat d Time
5 eand Turb  BODs
Sampler’s Signature Office Color
Other Parameters:
MICROBIOLOGY
Tot. Colif.
S Official Sample No.
a qu i Fecal Colif.
w o«
o >
<« Q Fecal Strep.
7]
o.
w
. Salmonelia
c.q Date and Time
=
Sampler’s Signature Office

PESTICIDES. ORGANICS

> Pesticides
o Ofticial Sample No.
0o w PCB's:
w g2
@ 2
o ics:
g Q Organics
w
“? Date and Time
>
Sampler’'s Signature Office
EPA
Station No. Date Time Sequence No.
Station Location Grab
Comp.
.BOD Metals Remarks/Preservative:
Solids Qil and Grease
COD D.O.
___Nutrients Bact.
Other

Samplers:
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Appendix B
Recommended Protocol for Regions Conducting On-Site L aboratory Evaluations

Before conducting the on-site evaluation, the Region should:
» Plan al the required activities to be completed during the assessment.

» Hold a pre-evaluation conference with appropriate laboratory and field activity representatives to establish a schedule
that would have a minimum impact on the laboratory activities.

» Request and review appropriate records.

» Request that a variety of tests be scheduled during the on-site eval uation.
» Arrange for the laboratory staff to be available during the on-site visit.
During the on-site visit, the team shall:

» Conduct an opening conference or entrance interview.

» Evaluatethe proceduresand equipment used for those specific analyses for which thelaboratory has requested certification,
using the criteriain this manual.

» Review therecordsand written standard operating proceduresfor compliancewith the required sampling frequency, sample
collection, sample holding times, and if appropriate, resample notification.

+ Perform a data audit on at |east one sample and one PE sample for at least one method but preferably for each method the
laboratory performs.

+ Insure that the laboratory has a QA plan in effect by:

- Determining if the laboratory has written procedures (QA plan or equivalent) for conducting its quality
assurance program.

- Examining the quality assurance data to determineif the quality assurance program is being i mplemented.
+ Complete the on-site checklists and other evaluation forms during the visit (see Chapters 1V, V, and VI).

» Conduct aclosing conference or exit interview in which the auditors review the results of the evaluation with the director
of the laboratory, the director of State water supply activities, and appropriate staff members. The review should:

- Discuss any deviations in the observed procedures and records.

- Recommend changesin equipment and supply needs, staffing requirements, and facility improvements, if
necessary.

- Discuss possible assistance the Region can provide the laboratory.
- Discuss atime frame for corrective actions and response.

Evaluation Report for Principal State Laboratoriesand Laboratoriesin Non-Primacy States

B-1



After an on-siteinspection, theeval uation team shoul d prepareanarrativereport and action memorandum. Thisreport should
contain all information pertinent to the eval uation and al so recommend the certification statusfor all analysesevaluated. The
report should then be forwarded for evaluation to the Certification Program Manager for review. After reviewing and, if
necessary, revising the report, it should be forwarded to the Certification Authority for signature.

The Certification Authority should decide the certification status of the laboratory within time constraints on page 111-7 and
notify the State. The State should be sent thecompletereport. If thereport indicatesthat thelaboratory should not becertified
for an analysis, the Certification Authority should give the specific reasons.

Thenarrative report should be attached to each copy of thecompl eted eval uation form. 1t should includethe general headings
and information listed below.

Title Page
The title page should contain the following:

Title: Report of an on-site evaluation of the
(name of |aboratory)

At: (city, state, and zip code)

On: (date)

By: (name, title, organization, and
address of the certification team)

Certification Status

List either "Certified", "Provisionally Certified", "Administratively/Interim Certified", or "Not Certified" for each
contaminant evaluated or if applicable (for VOCs, for instance) for each class of compounds evaluated.

List of Deviations
List each deviation by item number used on the eval uation checklists. Describe the exact deviation and recommended changes.

Remarks

Recommend i mprovementswhich, whilenot affecting certification status, woul dimprovelaboratory operation. Other remarks
might include reasons for failing the on-site evaluation, special recognition for outstanding performance, and description of
unusual tests.

List of Personnel

List name and title of personnel along with the individual tests that each normally performs. Also, identify the critical
laboratory personnel.

Signature
Team members should sign the report.

Distribution

Copiesof thisreport should bedistributed to the State requesting theevaluation. For local |aboratoriesin non-primacy States,
reports should be distributed to appropriate Regional personnel.

Annually, each Region should submit to OGWDW alisting of laboratoriesin the Region having U.S. EPA certification. The
listing should include the names and location of each laboratory, and its certification status for all regulated contaminants.
In addition, Regions should notify OGWDW of all changesin status soon after they occur so that OGWDW can maintain an
updated list of certification status.
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Appendix C
Definitions and Abbreviations

ASTM: American Society of Testing and Materials

AWWA: American Water Works Association

NERL-Ci: U.S. EPA National Exposure Research Laboratory in Cincinnati, Ohio (ORD).

NERL-LV: U.S. EPA National Exposure Research Laboratory in Las Vegas, Nevada (ORD).

NPDWR: National Primary Drinking Water Regulations.

OGWDW: U.S. EPA Office of Ground Water and Drinking Water.

ORD: U.S. EPA Office of Research and Devel opment.

SDWA: The Safe Drinking Water Act as amended (42 U.S.C. 300f et seq.).

Accuracy: A measure of the closeness of an individual measurement or the average of anumber of measurementsto thetrue
value. Accuracy includes a combination of random error (precision) and systematic error (bias) components which are due
to sampling and analytical operations. Refer to Standard Methods, Data Quality Section for a more detailed explanation.
Administrator: The administrator of the United States EPA or her/his authorized representative. See 40 CFR 142.2.
Agency: TheU.S. EPA. See40 CFR 142.2.

Auditor - A person who evaluates laboratories to determine if they meet the criteriato be certified. This person should be
an experienced professional, who haseffectivecommuni cation skills, experiencein qual ity assurance, theanal ytical techniques

being evaluated, and familiarity with the drinking water regulations and this manual.

Bachelor Degreeor Equivalent: A college degreewith an equivalent 30 semester hoursin aspecific discipline. Equivalent
isat least four years of experiencein a specific scientific discipline.

Bias: The systematic or persistent distortion of a measurement process which causes errorsin one direction.

Certification Authority: (CA) Theperson or designeewho hastheauthority to certify laboratories conducting drinking water
analyses and to certify the officials of the State responsible for the State's certification program in accordance with Section
1412 of the Safe Drinking Water Act. This authority is delegated to the Regional Administrator but may be redel egated.

Certification Program Manager: (CPM) The person responsible for managing the certification program which includes
tracking the certification status of the Statelaboratories, ensuring that theregional and State certification officersarequalified
and reviewing the certification evaluation reports.

Certification Officer: (CO) A State or Federal |aboratory auditor who has passed the NERL certification officers training

course (limited at this time to chemistry and microbiology). This person provides information to the CA or CPM for the
purpose of making decisions on the certification status of alaboratory.
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CFR: Code of Federal Regulations - A compilation of regulations is revised each time a regulation is promulgated. Itis
published every year in July.

Confirmation: Verification of the presence of a component through the use of an analytical technique based on a different
scientific principle from the original method (e.g., second column, alternate wavelength or detector, etc.)

Data Audit: A qualitative and quantitative evaluation of the documentation and procedures associated with measurements
to verify that the resulting data are acceptable.

Data Quality Objectives. qualitative and quantitative specifications used to design a study that will limit uncertainty to an
acceptable level.

Data Reduction: The process of transforming the number of data items by arithmetic or statistical calculations, standard
curves, concentration factors, etc. and collation into amore useful form. Datareduction isirreversible and generally results
in the loss of detail.

Detection: Any concentration of an analyte which equals or exceeds the laboratory's detection limit. For VOCs, detection
limit is defined as 0.0005 mg/L.

DrinkingWater Laboratory: A laboratory that analyses samplesaspart of compliance monitoring for apublic water supply.

Federal Indian Land: Areaswhich for regulatory purposesaretreated asindependent States. On theselands, thelndian tribe
has a Federally recognized governing body carrying out government duties and powers.

Holding time: The alowed time from when a sample was taken (or extracted) until it must be analyzed.

IDC: Initiad Demonstration of Capability - before analyzing compliance samples an analytical team must demonstrate
acceptabl e precision, accuracy, sensitivity, and specificity for the method to be used.

LRB - Laboratory Reagent Blank: (Method blank) An aliquot of reagent water or other blank matrix that istreated exactly
as a sampleto determine if method analytes or other interferences are present.

LFB - Laboratory Fortified Blank: (Spike) An aliquot of reagent water or other blank matrix to which known quantities
of the method analytes are added in the laboratory. The LFB is analyzed exactly like a sample to determine whether the
method isin contral.

MCL: Maximum contaminant level meansthe maximum permissible level of a contaminant in water which isddivered to
any user of a public water system. See 40 CFR Part 141.2.

MCLG: Maximum contaminant level goal meansthe maximum leve of acontaminant in drinking water at which noknown
or anticipated adverse effect on the health of personswould occur, and which allows an adequate margin of safety. Maximum
contaminant level goals are nonenforceable health goals. See 40 CFR 141.2.

M ethod Detection Limit: (MDL) isdefined asthe minimum concentration of asubstance that can be measured and reported
with 99% confidence that the analyte concentration is greater than zero. The MDL is determined from analysis of a sample
in a given matrix containing this analyte. See 40 CFR 136 App. B.

Monitoring Trigger: The concentration of a regulated contaminant which triggers additional monitoring

NELAC: National Environmental Laboratory Accreditation Conference- avoluntary organization of State, Federal and other
groups to establish mutually acceptable standards for accrediting environmental |aboratories.
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Performance Evaluation Samples (PEs): (Proficiency test sample) A sample provided to a laboratory for the purpose of
demonstrating that the laboratory can successfully analyze the sample within specified acceptance limits specified in the
regulations. Thequalitativeand/or quantitative composition of thereferencematerial isunknown tothelaboratory at thetime
of theanalysis. See 40 CFR Part 141.2.

Precision: The measure of mutual agreement among individual measurements.

Primacy: Primary responsibility for administration and enforcement of primary drinking water regulations and related
requirements applicable to public water systems within a State

Principal State Laboratory System: All facilities, whether part of the Statelaboratory or contracted to the State, producing
data for the State and certified by the EPA, fulfilling the requirements for Primacy as listed in the 40 CFR 142.10(b)(4).

Public Water System: A system for the provision to the public of piped water for human consumption, if such system has
at least fifteen service connections or regularly servesan average of at least twenty-five individuals daily at least 60 days out
of theyear. See40 CFR Part 141.2.

Quality Assurance: Anintegrated system of management activitiesinvolving planning, quality control, quality assessment,
reporting and quality improvement to ensure that a product or service meets defined standards of quality with a stated level
of confidence.

Quiality Control: Theoverall system of technical activities whose purposeisto measure and control the quality of aproduct
or service so that it meetsthe needs of the users; operational techniques and activitiesthat are used to fulfill requirements for
quality.

QA Plan: A comprehensive plan detailing the aspects of quality assurance needed to adequately fulfill the data needs of a
program. This document is required before the laboratory is certified.

Regulatory Level: A concentration of a contaminant which is cited in the Federal Regulations (e.g., MCL, detect, etc.)
Shall: Denotes a mandatory requirement.

Should: Denotes a guideline or recommendation.

Standard Operating Procedure: A written document which details the method of an operation, analysis or action whose
techniques and procedures are thoroughly prescribed and which is officially approved as the method for performing certain
routine or repetitive tasks.

Third Party Auditor: Person or persons, not affiliated with a Region or State, who is designated by the Region or Stateto
audit alaboratory. This person must pass the certification training course prior to auditing any laboratory unless he or she
isapart of an audit team which includes a Regional/State certification officer. Thethird party auditor must also meet the
educational/experience requirements specified in this manual. The certification decision remains with the Region.

Third Party Expert: Any person not designated as a certification officer or auditor, whois requested by the Region to assist
in the audit of alaboratory because of hisor her expertisein aparticular area (e.g., ashestos). This person is not required to

take the certification officers courseif he or sheispart of an audit team which includes a certification officer.

"Unregulated” Contaminants; Contaminants for which monitoring is required but which have no MCL.
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Appendi x D

«(ED ST
R

-3 UNI TED STATES ENVI RONVENTAL PROTECTI ON AGENCY
AN/4 WASHI NGTON, D. C. 20460
Sy
January 16, 1997
VEMORANDUM

SUBJECT: The Use of "Third-Parties"” in the Drinking Water Laboratory
Certification Program

FROM Cynt hi a Dougherty, Director
Ofice of Gound Water and Drinking Water

TO Wat er Supply Representatives, Regions |-X
Certification Authorities, Regions I-X
Qual ity Assurance O ficers, Regions |-X
Regi onal Laboratories, Regions |-X

Pur pose

Thi s menorandum updat es and cl arifies the gui dance nmenorandum from
M chael Cook dated Decenber 5, 1989 on "Third-Party Certification
for Laboratories in Primacy States."

Action

Under 40 CFR 142.10(b) (3), if a State does not perform all
anal ytical nmeasurenents in its own |aboratory, it nust establish
and maintain a programfor the certification of |aboratories as a
condition for receiving and nmai ntai ning authority to adm ni ster the
Safe Drinking Water Act in lieu of EPA (primacy). This nmenorandum
notifies States with primacy that they may contract wth other
organi zations (third parties) to assist the State in fulfilling
this requirenment. The authority for making certification decisions
however, nust remain with the State.

Di scussi on

Several States have asked USEPA its position on the use of third-
parties, i.e., private sector organi zati ons whi ch assi st the States
with their certification program OGANDW realizes that dw ndling
State resources may necessitate assistance fromthird-parties in
the State certification prograns. Consistent with the regulatory
requi renent at 40 CFR 142.10(b), providing for the "establishnment
and maintenance of a State program for the certification of
| aboratories,” the State nust retain ultimate authority to decide
whet her individual |aboratories wll be certified: this decision
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may not be abdicated to the third party.

This Ofice will not pass judgnent on any specific third-party
program It is the responsibility of each primacy State to assess
the qualifications of the third-party. In assessing whether to
choose a particular third-party, the State should consider, as a
mnimum the followng itens which are described in the Manual for
the Certification of Laboratories Analyzing Drinking Water:

o] Ability to provide technical assistance and training
o] Availability of records for review by the State

o] Qual ity assurance program

o] Freedom fromconflicts of interest

o] EPA policy, which provides that the auditor should pass
an appropriate course on howto audit in the discipline
for which he or she will be auditing.

o] Experi ence of the auditor.
The auditor should be an experienced professional
with at least a bachelor's degree or equivalent
educati on/ experience in the discipline for which he
or she audits.

The auditor should have recent | aborat ory
experience

Any State certification programusing third party assi stance shoul d
neet the requirenments in the Mnual for the Certification of
Laboratories Analyzing Drinking Water just as it would if it were
using State enployees to perform these functions. The Regions
shoul d assist the State and third-party agent to assure that the
certification program neets EPA gui deli nes.

Regi ons and States should be sensitive to potential conflict-of-
i nt erest problens between a third-parties and evaluated
| aboratori es. For instance, inspectors enployed by firnms that
provi de anal ytical services in the drinking water area should not
be put in the position of passing judgenent on their conpetitors.

Further | nformation

| f you have questions or need additional information or assistance,
pl ease contact the OGADW Techni cal Support Center at 513-569-7904.
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Appendix E
Required Analytical Capability for Principal State Laboratory Systems

INORGANICS MICROORGANISM S

(40 CFR 141.23) (40 CFR 141.21)

Asbestos Total coliforms

Cyanide Escherichia coli or fecal coliforms

Fluoride Heterotrophic bacteria

Nitrate

Nitrite SOCs

Antimony (40 CFR 141.24)

Arsenic Alachlor

Barium Atrazine

Beryllium Benzo(a)pyrene

Cadmium Carbofuran

Chromium Chlordane

Mercury 2,4-D

Selenium Di(2-ethylhexyl)adipate

Thallium Di(2-ethylhexyl)phthal ate

(40 CFR 141.89) Dibromochl oropropane

Copper Dalapon

Lead Dinoseb

Conductivity Dioxin (2,3,7,8-TCDD)

Calcium Diquat

Alkalinity Endothall

Orthophosphate Endrin

Silica Ethylenedibromide
Glyphosate

VOLATILE ORGANICS Heptachlor

(40 CFR 141.24) Heptachlor epoxide

THMs Hexachlorobenzene

Benzene Hexachl orocyclopentadiene

Carbon tetrachloride Lindane

Chlorobenzene Methoxychlor

o-Dichlorobenzene Oxamyl

p-Dichlorobenzene PCBs (as decachl orobiphenyl)

1,2-Dichloroethane Pentachlorophenaol

1,1-Dichloroethylene Picloram

cis-1,2-Dichloroethylene Simazine

trans-1,2-Dichloroethylene Toxaphene

Dichloromethane 2,45-TP

1,2-Dichloropropane

Ethylbenzene RADIONUCLIDES

Styrene (40 CFR 141.25)

Tetrachloroethene Gross Alpha

Toluene Uranium

1,2,4-Trichlorobenzene Gross Beta

1,1,1-Trichloroethane Cesium-134

1,1,2-Trichloroethane Strontium-89

Trichloroethene lodine-131

Vinyl chloride Strontium-90

Xylenes Tritium

Other beta/photon emitters
Radium-226/228
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UNREGULATED VOCs
(40 CFR 141.40)
Bromobenzene
Bromodichloromethane
Bromoform
Bromomethane
Chlorodibromomethane
Chloroethane

Chloroform
Chloromethane
o-Chlorotoluene
p-Chlorotoluene
1,1-Dichloroethane
1,3-Dichloropropane
2,2-Dichloropropane
1,1-Dichloropropene
1,3-Dichloropropene(c/t)
m-Dichlorobenzene
Dibromomethane
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
1,2,3-Trichloropropane

UNREGULATED IOCs
(40 CFR 141.40)
Corrosivity

Sodium

Sulfate

PHASE 6A
(Proposed 7/29/94)
Free & Total Chlorine
Combined Chlorine
Chlorine Dioxide
Trihalomethanes

Hal oacetic Acids
Bromate

Chlorite

Total Organic Carbon
Alkalinity

Bromide

Appendix F
Unregulated, Proposed and Secondary Contaminants

UNREGULATED SOCs
(40 CFR 141.40)
Aldicarb

Aldicarb Sulfoxide
Aldicarb Sulfone
Aldrin

Butachlor

Carbaryl

Dicamba

Diddrin
3-Hydroxycarbofuran
Methomyl
Metolachlor
Metribuzin
Propachlor

RADIONUCLIDES
(Proposed 7/18/91)
(40 CFR 141.25)
Radon

Uranium

(40 CFR 141.44)
Lead-210

SECONDARY CONTAMINANTS

Aluminum
Chloride
Calor
Copper
Fluoride
Foaming Agents
Iron
Manganese
Odor

pH

Silver
Sulfate

Total Dissolved Solids (TDS)

Zinc

Contaminantsto be Monitored at the Discretion of the State

1,2,4-Trimethylbenzene
1,2,3-Trichlorobenzene
n-Propylbenzene
n-Butylbenzene
Naphthalene
Hexachlorobutadiene
1,3,5-Trimethylbenzene

p-1sopropyltoluene

| sopropylbenzene
tert-Butylbenzene
sec-Butylbenzene
Fluorotrichloromethane
Dichlorodifluoromethane
Bromochloromethane






Appendix G

Analytical Methodsfor Microbiology

1. Total Coliform Rule (40 CFR 141.21(f))

(f) Analytical methodology. (1) The standard sample volume required for total coliform analysis, regardless of
analytical method used, is 100 mL.

(2) Public water systems need only determine the presence or absence of total coliforms; a determination of total
coliform density is not required.

(3) Public water systems must conduct total coliform analyses in accordance with one of the analytical methods in
the following table. These methods are contained in the 18th edition of Sandard Methods for the Examination of
Water and Wastewater, 1992, American Public Health Association, 1015 Fifteenth Street NW, Washington, D.C.
20005. A description of the Colisure Test may be obtained from the Millipore Corporation, Technical Services
Department, 80 Ashby Road, Bedford, MA 01730. The toll-free phone number is (800) 645-5476.

Organism Methodol ogy Citation
Total Coliforms' Total Coliform Fermentation Technique 2% 9221A,B
Total Coliform Membrane Filter Technique 9222A,B,C
Presence-Absence (P-A) Coliform Test*® 9221D
ONPG-MUG Test® 9223
Colisure Test’

! Thetime from sample collection toinitiation of analysis may not exceed 30 hours. Systems are encouraged but
not required to hold samples below 10°C during transit.
2 Lactose broth, as commercially available, may be used in lieu of lauryl tryptose broth, if the system conducts at
least 25 parallel tests between this medium and lauryl tryptose broth using the water normally tested, and this
comparison demonstratesthat thefal se-positiverateand fal se-negativeratefor total coliforms, usinglactosebroth,
islessthan 10 percent.
3 If inverted tubes are used to detect gas production, the media should cover these tubes at least one-half to
two-thirds after the sample is added.
4 No requirement exists to run the completed phase on 10 percent of all total coliform-positive confirmed tubes.

5 Six-times formulation strength may be used if the medium is filter-sterilized rather than autoclaved.

® The ONPG-MUG Test is also known as the Autoanalysis Colilert System.

" The Colisure Test must beincubated for 28 hours before examining the results. If an examination of the results
at 28 hoursis not convenient, then results may be examined at any time between 28 hours and 48 hours.

(4) [Reserved]
(5) Public water systems must conduct fecal coliform analysisin accordance with the following procedure. When the
MTF Technique or Presence-Absence (PA) Coliform Test isused to test for total coliforms, shake the lactose-positive

presumptivetubeor P-A [bottl€] vigorously and transfer the growth with a sterile 3-mm loop or sterile applicator stick
into brilliant green lactose bile broth and EC medium to determine the presence of total and fecal coliforms,
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respectively. For EPA-approved analytical methods which use a membranefilter, transfer the total coliform-positive
culture by one of the following methods. remove the membrane containing the total coliform colonies from the
substrate with a sterile forceps and carefully curl and insert the membrane into a tube of EC medium (the laboratory
may first remove a small portion of sdected colonies for verification), swab the entire membrane filter surface with
a gterile cotton swab and transfer the inoculum to EC medium (do not leave the cotton swab in the EC medium), or
inoculateindividual total coliform-positive coloniesinto EC Medium. Gently shaketheinocul ated tubesof EC medium
toinsure adegquate mixing and incubate in awaterbath at 44.5 +0.2 °C for 24 £2 hours. Gas production of any amount
intheinner fermentation tube of the EC medium indicatesapositivefecal coliformtest. The preparation of EC medium
is described in the 18th edition of Standard Methods for the Examination of Water and Wastewater, 1992, Method
9221E-p. 9-52, paragraph la. Public water systems need only determine the presence or absence of fecal coliforms;
a determination of fecal coliform density is not required.

(6) Public water systems must conduct analysis of Escherichiacoli in accordance with one of the following analytical
methods:

(i) EC medium supplemented with 50 pg/mL of 4-methylumbelliferyl-beta-D-glucuronide (MUG) (final
concentration). EC medium is described in the 18th edition of Standard Methods for the Examination of Water and
Wastewater, 1992, Method 9221E-p. 9-52, paragraph 1a. MUG may be added to EC medium beforeautoclaving. EC
medium supplemented with 50 pg/mL of MUG iscommercially available. Atleast 10 mL of EC medium supplemented
with MUG must be used. Theinner inverted fermentation tube may be omitted. The procedurefor transferring atotal
coliform-positive culture to EC medium supplemented with MUG shall be as specified in paragraph (f)(5) of this
section for transferring atotal coliform-positive culture to EC medium. Observe fluorescence with an ultraviolet light
(366 nm) in the dark after incubating tubes at 44.5 £0.2 °C for 24 £2 hours; or

(if) Nutrient agar supplemented with 100 pg/mL 4-methylumbelliferyl-beta-D-glucuronide (MUG) (final
concentration). Nutrient Agar isdescribed in the 18th edition of Standard Methods for the Examination of Water and
Wastewater, 1992, p. 9-47 to 9-48. Thistest isused to determineif atotal coliform-positive sample, as determined by
the Membrane Filter Technique or any other method in which a membranefilter isused, containsE. coli. Transfer the
membrane filter containing a total coliform colony(ies) to nutrient agar supplemented with 100 pg/mL (fina
concentration) of MUG. After incubating the agar plateat 35 °C for 4 hours, observe the colony(ies) under ultraviol et
light (366 nm) in the dark for fluorescence. If fluorescenceisvisible, E. coli are present.

(iif) Minimal Medium ONPG-MUG (MMO-MUG) Test, as set forth in the article "National Field Evaluation of a
Defined Substrate Method for the Simultaneous Detection of Total Coliforms and Escherichia coli from Drinking
Water: Comparison with Presence-Absence Techniques' (Edberg et a.), Applied and Environmental Microbiology,
Volume 55, pp. 1003-1008, April 1989. (Note: The Autoanalysis Colilert System is an MMO-MUG test). If the
MMO-MUG test istotal coliform-positive after a24-hour incubation, test the medium for fluorescencewith a 366-nm
ultraviolet light (preferably with a 6-watt lamp) in thedark. If fluorescenceis observed, the sampleisE. coli-positive.
If fluorescence is questionable (cannot be definitively read) after 24 hours incubation, incubate the culture for an
additional four hours (but not to exceed 28 hours total), and again test the medium
for fluorescence. The MMO-MUG Test with hepes buffer in lieu of phosphate buffer isthe only approved formulation
for the detection of E. coli.

(iv) The Colisure Test. A description of the Colisure Test +may be obtained from the Millipore Corporation,
Technical Services Department, 80 Ashby Road, Bedford, MA 01730.

(7) As an option to paragraph (f)(6)(iii) of this section, a system with atotal coliform-positive, MUG-negative,
MMO-MUG test may further analyze the culture for the presence of E. coli by transferring a 0.1 mL, 28-hour
MMO-MUG cultureto EC Medium + MUG with a pipet. The formulation and incubation conditions of EC Medium
+ MUG, and observation of the results are described in paragraph (f)(6)(i) of this section.
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2. Surface Water Treatment Rule (40 CFR 141.74(a))

() Analytical requirements. Only the analytical method(s) specified in this paragraph, or otherwise approved by
EPA, may be used to demonstrate compliancewith therequirementsof 8§ 141.71, 141.72, and 141.73. Measurements
for pH, temperature, turbidity, and residual disinfectant concentrations must be conducted by a party approved by the
State. Measurementsfor total coliforms, fecal coliforms, and HPC must be conducted by alaboratory certified by the
State or EPA to do such analysis. Until laboratory certification criteriaare developed for theanalysis of HPC and fecal
coliforms, any laboratory certified for total coliform analysis by EPA is deemed certified for HPC and fecal coliform
analysis. The following procedures will be performed in accordance with the publications listed in the following
section. Thisincorporation by reference was approved by the Director of the Federal Register in accordance with 5
U.S.C. 552(a) and 1 CFR part 51. Copies of the methods published in Sandard Methodsfor the Examination of Water
and Wastewater may be obtained from the American Public Health Association et al., 1015 Fifteenth Street, NW,
Washington, D.C. 20005; copies of the Minimal Medium ONPG-MUG Method as set forth in the article "National
Field Evaluation of aDefined Substrate M ethod for the Simultaneous Enumeration of Total Coliformsand Escherichia
coli from Drinking Water: Comparison with the Standard Multiple Tube Fermentation Method" (Edberg et al.),
Appliedand Environmental Microbiology, Volume54, pp. 1595-1601, June 1988 (asamended under Erratum, Applied
and Environmental Microbiology, Volume 54, p. 3197, December 1988), may be obtained from the American Water
Works Association Research Foundation, 6666 West Quincy Avenue, Denver, Colorado, 80235; and copies of the
Indigo Method asset forth in thearticle" Determination of Ozonein Water by the Indigo Method" (Bader and Hoigne),
may be obtai ned from Ozone Science & Engineering, Pergamon PressLtd., Fairview Park, EImsford, New Y ork 10523.
Copiesmay beinspected at the U.S. Environmental Protection Agency, Room EB15, 401 M Street, SW., Washington,
D.C. 20460 or at the Office of the Federal Register, 1100 L Street, NW, Room 8401, Washington, D.C.

(1) Publicwater systemsmust conduct analysisof pH and temperaturein accordancewith one of themethodslisted
at 8141.23(k)(1). Publicwater systemsmust conduct analysisof total coliforms, fecal coliforms, heterotrophic bacteria,
and turbidity in accordance with one of the following analytical methods and by using analytical test procedures
contained in Technical Notes on Drinking Water Methods, EPA-600/R-94-173, October 1994, which is available at
NTIS PB95-104766.

Organism M ethodol ogy Citation*
Total Coliforms? Total Coliform Fermentation Technique®*® 9221A,B,C
Total Coliform Membrane Filter Technique 9222A,B,C
ONPG-MUG Test® 9223
Fecal Califorms? Fecal Coliform Procedure’ 9221E
Fecal Coliform Membrane Filter Procedure 9221D
Heterotrophic bacteria? Pour Plate Method 9215B
Turbidity Nephelometric Method 2130B
Nephel ometric Method 180.18
Great Lakes Instruments Method 2°

! Except where noted, all methodsrefer to the 18th edition of Sandard Methodsfor the Examination of Water and
Wastewater, 1992, American Public Health Association, 1015 Fifteenth Street NW, Washington, D.C. 20005.

2 The time from sample collection toinitiation of analysis may not exceed 8 hours. Systems are encouraged but
not required to hold samples below 10°C during transit.
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3 Lactose broth, as commercially available, may be used in lieu of lauryl tryptose broth, if the system conducts at
least 25 paralld tests between this medium and lauryl tryptose broth using the water normally tested, and this
comparison demonstratesthat thefal sepositiverate and fal se negativeratefor total coliforms, using lactosebroth,
are lessthan 10 percent.

4 Media should cover inverted tubes at |east one-half to two-thirds after the sample is added.

5 No requirement exists to run the completed phase on 10 percent of all total coliform-positive confirmed tubes.
® The ONPG-MUG Test is also known as the Autoanalysis Colilert System.

" A-1 Broth may be held up to three months in a tightly closed screwcap tube at 4°C.

8 "Methods for the Determination of Inorganic Substancesin  Environmental Samples," EPA-600/R-93-100,

August 1993. Available at NTIS, PB94-121811.

® GLI Method 2, "Turbidity," November 2, 1992, Great Lakes Instruments, Inc., 8855 North 55th Street,

Milwaukee, Wisconsin 53223,
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Appendix H

Record Auditsfor Drinking Water Laboratories
Introduction

This Appendix providesinformation on the recordswhich drinking water laboratories should maintain. Itisintended
toassist the certification officer in conducting dataauditsfor drinking water laboratories. Certification officersshould
usethe criteriain this Appendix, as well as appropriate earlier chapters, for evaluating all laboratories. Evaluation
of adequate record keeping/documentation can be facilitated by using the checklists (Chemistry, Microbiology, and
Radiochemistry) at the end of this Appendix. Auditors are encouraged to develop their own more comprehensive
checklists, using these as astarting point. The data audit information in the microbiology checklists (pp. H-21to H-
24) isalsoincluded in Chapter 5. The Chapter 5 checklist supersedes this checklist which isincluded here only for
appendix completeness.

Implementing the recommended record keeping/documentation specified in this appendix will facilitate an "audit of
dataquality," thetracking of one or more data points from samplereceipt by thelaboratory (or from sample collection
and preservation, if conducted by thelaboratory), through preparation, analysis, interpretation, cal culations, recording,
and reporting of results. All necessary documentation in laboratory recordsfor each step in thedatageneration process
pertaining to any data point should be readily available for the auditor. By tracking thisinformation, the auditor can
better assess the quality of data routinely generated by the laboratory.

If any criterion in this Appendix differs from a criterion in a specific EPA-approved method, the method takes
precedence, becauseits useis required by regulations.

Data Audits

The EPA Quality Assurance Glossary and Acronyms (February 1991) defines an audit of data quality as:.

"A guantitative and qualitative eval uation of the documentation and procedures associated with environmental
measurements to verify that the resulting data are of acceptable quality.”

Thedataaudit istypically performed on-siteand invol vestracing the paper and el ectronic trail of an individual sample
or samples from the time of sample collection to the preparation of the final report. Auditors should be competent
scientists who are familiar with methodology, the particular data collection technology and QC procedures.

When adata audit isto be performed, thefirst step isto read the pertinent standard operating procedures (SOPs), and
generate a checklist of items to be examined. Procedures should be verified for sample collection, receipt, storage,
preparation, analysis, reporting, and all associated QC.

A checklist should be prepared prior to theon-sitevisit. When the on-site audit takes place, the sample or samplesto
be examined should be chosen at random. One of the samples audited should be the most recent PE sample. Sample
log- in records, laboratory notebooks, extraction records, analysis records and any other documents necessary to
confirm that procedures were followed as described, should be examined.

The audit report should cite deficiencies, if any, in the procedures and/or documentation and suggested corrective
actions.

The data audit process involves reviewing all records that document the sampling, storage and data generation

processes from beginning to end. Individual 1aboratories may use a variety of systems for recording, reporting, and
storing such information -- including both manual and automated techniques. In addition, the specific information
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recorded by laboratories may differ based on standard operating procedures and information storage and retrieval
systems. Theauditor should beabletoreconstruct thefinal reported datafor afield or performance eval uation sample.
A comparison of raw PE datato raw data for standards should verify that the laboratory has analyzed the PE sample
at the correct dilution.

Recor dsto be Reviewed

This Appendix describes documentation needed to document the sampling, storage and data generation processes.
Theseitems constitute the minimum suite of recordsthat should comprise a comprehensive laboratory record keeping
system. Not all records apply to all types of drinking water analyses and the specific records needed at a laboratory
will depend on the analyses the laboratory runs. Records of laboratory analyses will vary with the method and
instrumentation used. For example, calibration records will be more detailed for instruments used in organic and
inorganic chemical analyses than for microbiological analyses. Field sampling and data recording and reporting
records apply to all analyses.

The laboratory should record all information on individual data sheetsor in alog book using ink. Original entries
should not be obliterated. Corrections should be made with a single line through the entry, initialed and dated. All
records maintained el ectronically should be secured to prevent unauthorized changes. If the laboratory changesto
a new system, all records should either be transferred to the new system or saved in hard copy format. All
records should be archived in an organized manner that allows easy retrieval. The ease with which laboratory
managers are able to retrieve data generation records may be the auditor's first indication of the completeness and
effectiveness of the laboratory data generation and record keeping system. Record keeping systems should allow
correlation between system and laboratory identification codes.

If alaboratory uses a subcontract laboratory for certain analyses, data provided by subcontract |aboratories should be
clearly identified as such and any needed documentation at the subcontract laboratory should be avail abletotheauditor
upon request.

Drinking water compliance data pertaining to chemical and radiological analyses must be stored and retained by the
utility for a period of ten years as required by 40 CFR 141.33. Data pertaining to microbiological analyses must be
retained for five years. Datafor lead and copper (CFR 141.91) must be maintained for 12 years. It is recommended
that the laboratory maintain the compliance sample and QC data for at least five years or until the next audit,
whichever islonger. See Chapters1V, V, and VI, Section 8.2. Data should be stored in amanner that allows efficient
and accurateretrieval. Theauditor should review thedata storage and retrieval system carefully to determinewhether
proper procedures are followed. |If a laboratory is unable to locate data requested by the auditor or requires an
inordinate period of time to retrieve requested data, the auditor should consider the data storage system deficient.

To assigt auditors in conducting data and record keeping audits, a series of checklists has been devel oped and are
included at theend of this Appendix. These checklistsinclude specific items which should be checked during the data
audit of an individual field or PE sample.

1.0 Field Sampling

1.1 Sampling Records

At the time of sample collection, field personnel should record the information listed in the Sample Checklist (page
H-13, Field Sampling) on a sample tracking form or eectronically for each sample.

A sampletracking record should be maintained for samples. Thisrecord should be madein indelibleink or e ectronic

form and should identify the sample collector, the person or persons transporting the samples from the system to the
laboratory, aswell as the individual(s) who received the samples and the condition of the sample upon receipt. If a
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commercial shipper was used, shipping records should be available.

Sample collection (and related data recording and record keeping) may not be within the scope of the laboratory's
responsibilities. Some field records therefore may not be available to or maintained by the laboratory. Either the
laboratory or the organization responsible for sample collection should keep records describing how the sample
containers were prepared (i.e., cleaning methods, sterilization technique/date/time/batch number) and how
preservativeswere prepared and how the sampleswerecollected. In all cases, the sampletracking record and shipping
form (if available) should accompany samples to the laboratory, and this documentation, at a minimum, should be
maintained by the laboratory. Documentation should be avail ableto verify that SOPswere used for sample collection
and that the sampl e collectors were properly trained.

1.2 Field Analytical Records

Field measurements made for parameters that are dynamic should be made immediately. If a laboratory conducts
analysesin thefield (i.e., temperature, free residual chlorine, and pH), field personnel should record theitemslisted
in the Sample Checklist on page H-13, Field Measurements. Calibrationsshould beperformedinthefield over arange
of concentrationsthat bracket the concentrations measured in theunknown samples. For chemical analyses, thelowest
concentration used in a calibration should be at least aslow as the pertinent regulatory level. Thermometers should
be calibrated annually using areference thermometer traceableto the National Ingtitute of Standards and Technol ogy.
Residual free chlorine comparison devices such as color wheels and their application by field personnel should be
checked semiannually. Proceduresfor field calibrations of instruments should be documented in standard operating
procedures for field activities.

1.3 Sample Inspection and Acceptance Policy

When samples arrive at the laboratory, whether by mail or other carrier, the laboratory should check samples and
sample records to verify that the required preservation steps and holding times have been adhered to. Laboratory
personnel should check sample and shipping containers for integrity (e.g., leaks, cracks, broken seals) and for any
obvious signs of improper collection (e.g., head space in VOC samples). The laboratory should verify that proper
shipping procedureswerefollowed (e.g., ice should till be present with samples collected for organic analyses). This
information should berecorded. Inlarger laboratories, sampl e custodians should be designated to performthisfunction
and automated laboratory sampl e tracking systems may be used to record sampl e receipt and destination. When a bar
codeis used, the laboratory should calibrate the bar code reader periodically and document the calibration.

The laboratory should add the bullet items in the Sample Checklist (page H-14, Sample Acceptance) to the sample
tracking form for each sample at the time of receipt:

1.4 Sample Storage

Theauditor should visit the sampl e receiving area of thelaboratory and inspect the condition of samples to determine
that container labels are properly completed and securely attached and that all necessary information is recorded by
thelaboratory. Theauditor should alsoverify that samplesrequiring special handling (e.g., light sensitive, temperature
sensitive, radioactive) are properly stored and that samples are analyzed within their holding times.

Before analysis, the analyst should check samples for the proper preservation technique, pH, chlorine residual, etc.
Errors in sample preservation and/or handling are known to bias analytical results. Laboratories must reject
compliance samples which do not comply with the method sampling and preservation requirements and request a
replacement sample.

2.0 Laboratory Analysis

H-3



2.1 Analytical Methods

Each laboratory should list and have on hand, in its Quality Assurance Plan, the SOPs (which include the analytical
method) for each drinking water analyte measured. Thislisting should includethename of themethod and acomplete
reference or source (e.g., 18th Edition of Standard Methodsfor Examination of Water and Wastewater, with method
number). The auditor should verify that the methods listed are EPA-approved for drinking water (or otherwise
acceptableto EPA), that a copy of the method is available to the analyst, and that the methods listed are the only ones
actually being used for the analysis of the drinking water compliance samples.

Laboratories should have written SOPs for all analyses and laboratory procedures. The SOPs delineate the specific
procedures used to carry out the methods and how, if at all, the SOP differs from the required method. The purpose
of the SOPsisto specify analytical proceduresin greater detail than appearsin the published method in order to further
ensurethat analysesare conducted in astandard manner by all analystsin alaboratory. The auditor should verify that
analysts are following the written SOPs and that the SOPs are consistent with EPA approved analytical methods for
drinking water and any deviationsare clearly identified. The SOPsshould beavailableinthelaboratory at theanalyst's
work station.

2.2 Instrument Performance

Instrument and equi pment performanceisasignificant factor in laboratory dataquality. Consequently, the laboratory
should monitor and document instrument/equi pment performancecharacteristicsregularly, in accordancewith method
specifications and the recommendations of equi pment manufacturers. For all instruments/equipment, thebullet items
in the Checklist (page H-15, Instrument Performance) should be maintained (insofar as they apply to analyses
conducted by the laboratory).

Performance records are important for all instruments and equipment used to perform drinking water analyses,
including analytical balances, incubators, refrigerators, autoclaves, water baths, and block digestors. For such
equipment, routine calibrations against standards traceable to the National Institute of Standards and Technology
(NIST) should be performed.

ASTM type 1 or 2 weights or better should be available to make daily checks on balances. A record of these checks
should be availablefor inspection. The specific checksand their frequency should be as prescribed in the laboratory's
QA plan and the laboratory's operations manual, if appropriate. The ASTM weights should be recertified annually.

Wavel engths on spectrophotometers should be verified daily with color standards. A record of these checks should be
available for inspection. The specific checks and their frequency should be as prescribed in the laboratory's SOPs.

Proper maintenance of all laboratory instruments/equipment is critical to achieving proper laboratory performance.
I nstrument manufacturers provide suggested maintenance schedul esand laboratories should adhereto such schedul es.
Laboratories should also record maintenance and repair activities for all instruments, including both determinative
instruments(e.g., specificion detectors, spectrophotometers, etc.) and non-determinative equi pment (e.g., incubators,
ovens, balances, etc.). Maintenance logs should also list the maintenance schedule and the date and name of the
individual (s) performing routine instrument maintenance.

2.3 Initial Demonstration of Capability
Theinitial demonstration of capability (IDC) ensures that the analyst and the method are capable of measuring the
analytes of interest within the acceptance criteria necessary to comply with the regulations. The IDC should be

performed for each analyst and instrument used before compliance samples are analyzed. The variability introduced
by multiple sample preparation technicians must also be taken into account. The typical IDC for chemical
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measurements consists of demonstrating proficiency in four areas. precision, accuracy (bias), method blank
background, and method detection limit. For microbiological methods, the specificity, relative trueness, positive and
negative deviation and repeatability should be estimated if possible. Thisshould include areplicate demonstration of
negative results on appropriate negative controls and positive results and confirmations on appropriate positive
controls. When reviewing the documentation, the auditor should verify that all results, including errors, arereported
inthe correct units. Laboratories should also record any actionstaken to correct performance that doesnot fall within
the acceptabl e range established by the applicable method. The method detection limits (MDLS) must be cal culated
in accordance with 40 CFR 136, Appendix B. The qualitative confirmation capability should be determined
ascertaining the detection limits for alternate techniques. When unacceptable performance occurs on QC samples,
compliance samples should be reanalyzed after acceptabl e performance has been established.

Laboratories should maintain completerecordsfor the IDC which include the bullet itemsin the Checklist on page H-
16, Initial Demonstration of Capability.

2.3.1 Method Precision and Bias

Method precision and bias measurements should be madefor chemical analyses each timean analytical method isused
and periodically, as specified in Chapter V, for microbiological contaminants. Precision is calculated using repeated
measurements. Bias measurements are made by spiking samples or reagent water with known concentrations of
analytesor suspensionsof microorgani sms, and measuring theresulting percent recovery. Laboratoriesshould devel op
standard operating procedures for this purpose that are consistent with the quality control requirements specified in
Chapters 1V, V and VI of this Manual, unless otherwise specified in the published method.

For microbiology, thelaboratory should analyze duplicate positive samples and take part in proficiency testing or inter
[aboratory comparisons.

For radiochemistry, precision and accuracy are determined from alaboratory fortified samplematrix (spike) with each
batch of samples. Samples should be fortified at 1-10 times the MCL or 5-10 times the background.

Laboratories should maintain complete records of method precision and bias, consistent with the specifications of
published methods or, if none are included in the method, consistent with stated laboratory standard operating
procedures. Method precision and bias records should include the source, preparation date, and concentration(s) of
standards used.

These records should be reviewed by the auditor to verify that the limits of precision and bias achieved are consistent
with those established in the published method. |If measured precision and bias do not fall within acceptable ranges,
efforts should be made to ascertain the reason(s) and depending on the nature of the problem, samples may need to be
reanalyzed. The laboratory should also record the reason, identify and implement an appropriate corrective action,
and document the results of the corrective action.

2.3.2 Demongration of Low System Background

For chemistry, most EPA methodsrequirethe analysisof areagent blank with each batch of samplesto measure the
contamination which may beintroduced at thelaboratory. In general, thevalue of thereagent blank should not exceed
the MDL. If the blank exceedsthe MDL, samples should be reanalyzed after the contamination has been found and
the problem corrected.

For microbiology, the laboratory should analyze negative controls to demonstrate that the cultured samples have not
been contaminated.
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For radiochemistry, blanks are used to determine if activity is added to the sasmple from the reagents. Typically, the
background is the instrument background which is subtracted from all sample counts.

2.3.3 Analytical Method Detection Limit for Chemical and Radiochemical Analyses

The method detection limit (MDL) is the minimum concentration of analyte that can be measured and reported with
99% confidence that the analyte concentration is greater than zero.

Laboratories should determine their own method detection limits for all organic, inorganic and radiochemistry
methods using the procedurein 40 CFR 136 Appendix B. Each analytical team using a particular analytical method
also should determine it's own detection limits. In addition, if several different instruments are used for the same
procedure, then the detection limit should be determined for each instrument. The same extracts may be used to
determine the detection limits on several instruments with similar sengitivity, if appropriate.

A procedure for measuring method detection limitsis described in 40 CFR Part 136, Appendix B. This procedure
involves analyzing seven replicate water samples that have been spiked to, or are known to, contain the analyte at a
concentration at or near the estimated detection limit. Laboratoriesshould maintain documentation for thebulletitems
in the Checklist on page H-17, Method Detection Limits.

Although 40 CFR 136, Appendix B, provides several possible approachesto selecting an estimated detection limit for
purposesof designing thestudy, | aboratory auditors shoul d recogni zethat themost reliablemethod involvesaniterative
process of measuring achievability of successively lower concentrations until the actual limit of detection isidentified.
At aminimum, thisapproach should be used for purposes of establishing theworking MDL when anew method isfirst
used by alaboratory. Successive detection limit determinationsto verify the limit in the same matrix or establish the
limit in a new matrix may not require measurement of detect ability at numerous concentrations, depending on the
experience of the analyst. Any procedure that involves measurement of only one concentration should be reviewed
carefully to establish that the analyst was able to document that the concentration measured meets the definition of a
method detection limit. The spike concentration should be determined by the signal to noise ratio for each analyte.
The same concentration for all analytes will not produce acceptable results. The extractionsg/analyses should be
performed over a period of at least three days to provide a more reasonable MDL.

The required detection limits for Radionuclides are listed in the CFR. Detection limits for Radionuclides are
determined on the basis of nuclear counting statistics in addition to sample and instrument parameters. Proper
counting errors should be calculated for each method and reported with each sample analyses.

2.4 Instrument Calibration and Calibration Records

For all types of analytical instruments, it isimportant that theanalyst establish the rel ationship between the measured
value and the concentration of the analyte in the sample, daily, using accurate reference materials. The calibration
should include at least three concentrationsin the linear portion of the curve. Additional standards should be used if
the curve is nonlinear. The concentrations should be selected to bracket the range of concentrations expected to be
observedin the samplesto beanalyzed. Some organic methodsrecommend using five concentrations. Someinorganic
methods require a blank and three standard concentrations.

Calibration for some methods is very time-consuming. For these methods, the standard curve should be initially
developed and thereafter, at the beginning of each day on which analyses are performed, this curve should be verified
by analysis of at least one standard in the expected concentration range of the samples analyzed that day or within the
operating range. All checks must be within the control limits specified in the method or the system must be
recalibrated.

For radiochemistry, efficiency (counts per minute per disintegration per minute) curves should be used to determine
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the efficiency for a given mass or nuclide energy. For alpha and beta counters, the change in efficiency should be
plotted versus mass to determine the efficiency at a given mass. For gas flow proportional counters, sample
composition, size, alpha/beta energy and distance from the detector influence efficiency. For gamma counters, two
curves should be prepared, energy versus channel number and efficiency versus energy. For gamma counters, the
primary variable is the distance from the source to the detector. Each type of sample container will have a unique
gamma efficiency curve. The shape of the curveisintrinsic to the detector material and will be the same for each
geometry subject to differences due to distance. The Efficiency isconstant for many orders of magnitude. Standards
should be prepared at a level of activity so that greater than 1600 counts above background are acquired during the
counting time. Under this condition, the uncertainty will be 5% (2SD) at the 95% confidence level. To verify the
curve, one or more of the standards should be counted daily when samples are counted. The RSD should not exceed
3SD or 10% of the expected value. Multi term polynomial curves should be generated from the rel ationship between
efficiency and either mass or energy.

Laboratory records should includethe concentrations of standards used, agraph of thecalibration curveand if possible
adescription of statistical procedures used to establish the curve, the source of standard materials, date of preparation
and a description of standard preparation steps or reference to the SOP. To simplify these records, |aboratories may
reference a Standard Operating Procedure which specifies the calibration procedures.

Quiality control (QC) samplesfrom an outside source should be used to verify all initial calibrations. Two or three QC
standard concentrations chosen to bracket the working range are recommended. For radiochemistry counting, the
laboratory should use a check source and a background both at the beginning and end of each batch of samples,
especialy if the counter is not in constant use. Regardless of the number of samples analyzed, a record of a check
standard analyzed at the end of each batch should be maintained. In general, if the results of acheck sasmpleanalysis
at the end of a batch exceed the confidence limits (CL) of the method, a system review and corrective action (such as
recalibration) are indicated and the samples should be re-analyzed. Laboratories may develop their own guidelines
for determining when re-analysis is necessary (where not specified in the method). Such guidelines should be
statistically linked to method performance (e.g., plus or minus one standard deviation). Where these guidelines are
applied, the auditor should verify that the basis for the guidelineis recorded.

Many analysts believe that multiple standard concentrations need not be used to calibrate instruments that provide
direct concentration readings because manufacturers of the instruments specify the use of a single standard
concentration for calibration. For such instruments, multiple concentrationsthat bracket the required working range
are strongly recommended. These standards should be treated as samples and a record of the instrument readings
should be maintained by the analyst. A genera rule of thumb isthat the measured concentration should be within 10
percent of the actual concentration.

Most methods specify calibration procedures and the auditor should verify that procedures are being followed by the
analystsand are consi stent with those specified by themethod. Wheremethodsdo not specify calibration requirements,
instrument manufacturers recommendations or other guidance may be available.

2.5 Routine Monitoring of Analytical Method Performance

Laboratory Quality Assurance Plans should specify a reasonable schedule for routine monitoring of method
performance based on reguirements specified in the approved EPA methods or based on requirementsfor other similar
measurements where the method does not specify a requirement. Most organic and radiological methods specify
requirements for periodic monitoring of method performance.

Methods for microbiological analyses require periodic duplicate analyses as aroutine check on method performance.

Positive and negative controls should also be analyzed on a regular basis and whenever new media is prepared or
commercially prepared mediais received.
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Method performance documentation should include the bullet items listed in the Checklist (page H-19, Routine
Performance Checks). Further discussion of these records has been provided in the previous sections.

2.5.1 Laboratory Fortified Blanks

The laboratory should analyze a laboratory fortified blank (LFB) with each batch of samples analyzed. The
concentration of the LFB should be ten times the MDL or estimated detection level or equivalent to a mid range
standard. At least some portion of the LFBs should be at the laboratory's reporting level. Precision and recovery for
the LFBs must bewithin the criteria specified in the methods or the corrective action specified in the method must be
taken. TheLFBsmust beprocessed through theentireanalytical procedure(e.g., extraction, derivation and detection).

Contral charts or limits, generated from mean percent recovery and standard deviation of the laboratory fortified
blanks, should be maintained by the laboratory. Until sufficient data are available from the laboratory, usually a
minimum of 20 to 30 test results on a specific analysis, the laboratory should use the control limits specified in the
methods. See Sandard Methods for the Examination of Water and Wastewater, part 1020B, or similar QC reference
textsfor further information. Thelaboratory should continueto cal culate control limitsfor each analyte as additional
results become available. After each fiveto ten new recovery measurements, new control limits should be cal culated
using the most recent 20-30 data points. If any of these contral limits aretighter than the method specifications, the
laboratory should usethetighter criteria. Otherwise, control limitsin the methods are required. Control charts are
highly recommended even though some of the older methods for inorgani c anal ytes do not include such requirements.

For microbiology, apure culture of aknown positive reaction should be included with a sample batch periodically and
when new mediais prepared, to demonstrate that the medium can support growth.

2.5.2 Laboratory Fortified Matrix

The laboratory should also fortify a minimum of 10% (or one per batch, whichever is greater) of the routine samples
(except when the method specifies a different percentage, e.g., furnace methods) to determine if there are any matrix
effects. The spike concentration should not be substantially less than the background concentration of the sample
selected for spiking. If the sample concentration is below the MDL, then the analyst may choose appropriate spike
levels (e.g., a percentage of the MCL or operating calibration range).  This laboratory fortified matrix must be
processed through the entire analytical procedure. Over time, to the extent practical, samplesfrom all routine sample
sources should be spiked. If any of these checks are not within the control limits specified, and the method was in
control asjudged by the LFB, the results of that sample should be label ed suspect due to sample matrix.

2.5.3 Quality Control Samples

At least once each quarter, each laboratory should analyze quality control or reference samplesfrom asource other than
that from which their standards are purchased (for each method, analyst, and instrument) as a routine check on
performance. If errorsexceed limits specified in the methods, corrective action should be taken and documented, and
afollow-up quality control standard analyzed as soon aspossibleto demonstrate the problem hasbeen corrected. The
laboratory should maintain records for these routine checks.

2.5.4 Blanks

Most of the EPA-approved analytical methods specify analysis of one or more blank samples with every batch of
samples analyzed. Follow the method recommendations and requirements. See the discussion of laboratory reagent
blanksin section 2.3.2. Laboratory reagent blanks (method blanks) measure the level of contamination that may be
introduced at the laboratory. Theresults of analyzing blank samples should be recorded by the analyst with all other
data and checked by the auditor.
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Field blanks should also be analyzed to measure contamination which may beintroduced from preservatives, storage
or at the sampling site. A field blank may be substituted for the reagent blank. However, if the field blank is
contaminated, then areagent blank must be analyzed to determine the source of the contamination. Trip blanks may
also be required to determineif contamination occurred during shipping.

All blanks must be processed through the entire analytical procedure.

Most analytical methods specify an acceptable maximum level for the analytein ablank sample. Some Statesrequire
that blank resultsindicating contamination be submitted with the analytical results.

2.5.5 Other Quality Control Requirements

Some methods require duplicate sample analyses, method of standard additions, column or instrument performance
check samples, instrument tuning checks, etc. Whenever additional quality control requirements are specified in the
method or method manual, they must be followed.

2.5.6 Performance Evaluation Studies

In order to receive and maintain certification, drinking water laboratories must successfully analyze performance
evaluation (PE) samples, in accordance with the requirements in the NPDWR. In addition to these samples,
laboratoriescertified for radiochemical analysismust al so participatein other performanceeval uation studieseach year
as prescribed by the program. Laboratories are required to maintain records of their performancein those studies and
any corrective actions taken in response to performance problems indicated by the study results. A copy of this
documentation should beforwarded to the certification officer. Auditorsshould review theserecordsto determinethat
al errorsor performance problemsareaddressed and that proper correctiveactionshavebeen taken, whereappropriate.
Auditorsshould review theraw PE datato verify that the PE sampleswerediluted according theinstructions provided.
The auditor should be able to verify from the raw data (e.g., area counts for GC analysis) that the PE samples were
analyzed with the correct dilution factor.

2.6 Instrument Maintenance

Proper maintenanceof all laboratory instrumentsand equipment iscritical toachieving proper laboratory performance.
I nstrument manufacturers provide suggested maintenance schedul esand laboratories should adhereto such schedul es.
Laboratories should also record maintenance and repair activities for all instruments.

3.0 DataHandling and Reporting
3.1 Calculations

During the data audit, the auditor should review all procedures for calculating final values from the raw data.
Laboratories should maintain written standard operating procedures for making all calculations, and all raw dataand
supporting information needed to recreate the cal cul ations shoul d beavail ableto theauditor. Theauditor should verify
representative cal culations sufficient to provide a reasonable level of confidence that the appropriate procedures are
being used consistently. Using the raw data, the auditor should be able to regenerate the sample data reported to the
customer.

In cases where the laboratory does not provide documentation for calculation methods and the method used is not
readily apparent, the auditor should attempt to verify cal culations using techniques normally used by the Regional or
State laboratory. If the results do not agree with those reported by the laboratory, the auditor should attempt to
ascertain and eval uatethe cal cul ation method used. Thismay requireinterviewing oneor moreanalystswhoroutinely
make the cal cul ations to determine the step-wise process used and to determine that all analystsin thelaboratory are
using the same method. To avoid calculation errors, laboratories should implement a policy of requiring that al
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calculations be cross-checked by a second analyst. Both analysts should certify the data, by signaturewith dateinink,
and note as acceptabl e to document that the data has been cross-checked. Where possible, cal culations should also be
verified by alaboratory supervisor.

3.2 Useof Significant Figures

Laboratories should observe conventions concerning proper use of significant figuresin making cal cul ations to avoid
the appearance that the data are more precise than the method allows. Conventions for the use of significant digits
and proper rounding of numbers are discussed in detail in the EPA publication: Analytical Quality Control in Water
and Wastewater Laboratories (EPA-600/4-79-019) and in Standard Methods for Examination of Water and
Wastewater (Section 1050 B in the 18th Edition). Asarule, the significance of an analytical result cannot exceed the
significance of the least precise step in the procedure. The numbersresulting from cal culations cannot reflect greater
precision than the data used to make the calculations. In order to verify that proper conventions have been followed,
the auditor should identify the least precise step in the analytical process.

Frequently, theleast precise step isthe measurement of the samplevolumenecessary for theanalys s, which most often
involves the use of a graduated cylinder or pipette. The auditor should verify the actual tolerances of glassware used
in the laboratory analytical methods (by examining the glassware) and determine that the appropriate number of
significant digits has been carried through all data recording and calculations.

3.3 Reporting Greater-Than and Less-Than Values

Lessthan values occur frequently in drinking water analysis. For chemical analytes, less-than values should be
recorded by the analyst when the measure obtained is below the value of the lowest standard used to generate the
calibration curve. These reported less-than values should be followed with the val ue of the lowest concentration used
in the calibration curve (e.g., <0.2). Regulations may require the laboratory to report data, either quantitatively or
qualitatively, to the MDL. If this situation exists, laboratories may report data as "detected” |ess than the lowest
standard (e.g., detected <0.2). If the method involves a one point calibration, values may be reported down to the
MDL.

Samples with concentrations greater than the highest standard should be diluted to fall within the calibration curve.
If unusual circumstances prevent this, results should be reported as greater than the highest standard and another
sample should be obtained.

For microbiological contaminants, if the organism of concern is not detected, the analyst may report total and fecal
coliform and E. coli as absent and Heterotrophic Plate Count (HPC) as <1 per unit volume. If the concentration istoo
great, HPC should be reported as too numerous to count.

3.4 Blank corrections
Correction of sampledata for blank resultsis an important issue in datareporting. In general, analyte measurements
in the blank that exceed allowable levels should be interpreted as an indication of laboratory contamination or other
performance problem. Data should never be corrected for blank measurements unless specificaly stated in the
analytical method being utilized. Laboratories should take steps to isolate and eliminate sources of contamination
where blank analyses indicate a consistent and significant problem.
3.5 Error types

Theauditor should ensurethat the laboratory Quality Assurance Plan specifies safeguardsfor protecting against

common types of data errors. In general, procedures for spot-checking data and for verification by a second analyst
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are the most common practices used. Some common types of data errors include the following:

Data entry errors,

Transcription errors,

Rounding errors;

Calculation errors;

Failure to record or retain data, especially dilution factors;

Incomplete data reporting (i.e., missing quality control or method performance data);

Omission of units or incorrect units;

Improper data error corrections (asingle line should be drawn through an incorrect value such that both
the correct and incorrect values are legible; change should beinitialed and dated);

Recording datain pencil (data must be recorded in indelible ink to help ensure data integrity);

Errorsin use of significant figures (see section 3.2);

Errorsinlogic (for example, applying ablank correction, where allowed by the method, at thewrong step
in the calculation);

For radiochemistry, other errors may occur if the following factors are not considered: yield determinations,
decay and/or ingrowth factors, use of proper counting times, and accurate efficiency curves.

Virtually all of thesetypes of errors can be prevented by requiring that all data be checked and initialed and dated by
a second analyst (and verified by alaboratory supervisor, if possible) before being recorded for final reporting.

3.6 General Quality Control Records

Duringthedataaudit, in addition toidentifying and reviewing quality control dataspecifictoindividual analyses,
the auditor should verify that certain general quality control procedures are conducted and that written records or logs
are maintained regularly by the laboratory. For example:

Thedate on which chemicals arrive in the laboratory and the date that reagents arefirst opened should be
recorded on the bottle labdl and initialed by the analyst;

Reference standard calibration solutions should include labels that list the date of preparation, the
concentration, and the name of the analyst who prepared the standard;

Training recordsfor laboratory analysts should i nclude academic background, specialized training courses
completed, and chemical analysis and instrument experience;

Stock standard solution logs should list the preparati on date, the concentration, and the name of theanal yst
who prepared the solution and the dilution solvent;

GC injection logs should list each sample injected, the time and date of analysis, and the name of the
analyst who performed the analysis,

3.7 Data Security and Back-Up

Laboratories should maintain datain a secure system to which accessislimited. A system for logging filesin and out
should bemaintained so that laboratory filesare known to be completeat all times. An original copy of thedatareport
showing al corrections or changes should be maintained on file. Additional copies for use by analysts may also be
maintained and tracked. A laboratory manager should certify, in writing (or by using a unique code identifier for
electronic reporting), the authenticity of each data report, and maintain such certification records for ingpection.
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Thetrend to replace manual operationswith computersis expanding rapidly and the data management practices used
to protect the integrity of electronic data are becoming increasingly important. Minimum records to be maintained
include a description of the hardware and software used; written SOPs that document procedures for generating,
validating, and reviewing computer data; and results of periodicin-house QC ingpectionsof é ectronic datageneration
and reporting.

Any data stored el ectronically should be supported with backup files generated in accordance with Agency guidelines
specified in the EPA document, 2185 - Good Laboratory Practices for Automated Data, 1995 Edition (Office of
Information Resources Management, RTP, NC 27711). Thisguidance document suggests appropriate frequenciesfor
generating backup filesand suggestionsfor off-site storage of copies. Oneimportant disadvantageof € ectronicformats
isthat they are software and hardware dependent.
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DRINKING WATER CERTIFICATION
RECORD KEEPING AUDIT

SAMPLE CHECKLIST

Field Records

1.1 Fidd Sampling

Yes

No Comments

The following items should be recorded in ink at the time of sample collection as part
of the sample tracking record

Sample identification number

Public Water System I1D number (where applicable)

Date and time of sample collection

Sample type (i.e., compliance, confirmation, etc.)

Analyses required

Sample container type and size, preservatives, holding time

Sample volume or weight collected

Name, phone number and organization of sampler

Preservatives added to the sample, concentration and amount added

Sampling location (site ID number, treatment information, where applicable)

Sample shipping procedure and holding time

Sample container preparation (i.e., cleaning methods, sterilization

technique/date/time/batch number)

® pH and disinfectant residual from plant measurementsif available

1.2 Fidd Measurements

Field analytical records include the following items:

Sample identification number

Date and time of each field measurement and time of sample collection

Pertinent field data (i.e., temperature, free residua chlorine, and pH)

Name of analyst

A list of calibration steps and concentrations of standards

Date of instrument calibration

The type, concentration, preparation date and source of any calibration standards

used (e.g., reference buffers for pH and reference materials for disinfectant residual)

* |f performed by laboratory personnel H-13



SAMPLE CHECKLIST

Laboratory Records Yes | No Comments

1.3 Sample Acceptance

Sample tracking records from field samplers are maintained for all samples

The following entries are added to the sample tracking form for al samples

® Name of the person delivering the sample

® Name of the person receiving the sample

® Date and time of sample collection and receipt

® Date and time of sample receipt

® Condition of samples received (i.e., sealed, unsealed, broken containers,
temperature, preservatives noted on label)

® Sample irregularities are documented at the time of sample receipt (i.e., improper
collection, shipping procedure not followed)

® New sample ID (if assigned by laboratory), which can be cross-referenced to the
original sample 1D, methods, analysts assigned

Deficient samples are rejected in accordance with written laboratory policy

Sample rejection log is maintained

Maximum holding time not exceeded

Replacement sample requested for rejected sample

1.4 Sample Storage

Samples are properly labeled and securely attached

Samples exceeding holding times are discarded

Volatiles are hermetically sealed

Samples requiring special handling are properly stored (i.e., light sensitive,
temperature sensitive, radioactive)
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DRINKING WATER CERTIFICATION
DATA AUDIT

CHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records
2.1 Analytica Methods

Yes | No Comments

Analytical procedures (SOPs) are listed and referenced in the laboratory's Quality
Assurance (QA) Plan for all analytes measured and this listing accurately reflects the
analytical methods employed by the laboratory.

Only EPA-approved methods are used to analyze drinking water compliance samples

Method procedures are followed exactly by the laboratory personnel or allowed
deviations are listed in SOPs

Written Standard Operating Procedures (SOPs) are consistent with the approved
methods and are followed by the laboratory personnel

2.2 Instrument Performance

L aboratory monitors and documents instrument performance characteristics regularly, in
accordance with the method specifications and the equipment manufacturer's
recommendations

Instrument performance records are maintained and include the following items:

® |nitial demonstration of capability

® Determination of linear dynamic range

® Method Detection Limits

® |nitial and routine instrument calibration

® Performance on standard reference materials and/or QC check samples

® |nstrument sensitivity and stability

® Tuning checks

L aboratory equipment such as analytical balances and thermometers are calibrated
against standards traceable to NIST

Equipment stability records such as dry oven, incubator, refrigerator, autoclave, and
block digester temperatures are maintained

2.3 Initial Demongtration of Capability

Method performance is demonstrated as specified by the published method

or if not specified,
A minimum of four replicates of a quality control or reference sample are processed
through all steps of the analytical procedure*

Method performance is validated for all analytes measured

Analytes are measured at levels within the required method performance range

Initial method precision and bias criteria are met

The method is validated for each analyst and each instrument the analyst uses

Variation due to multiple sample preparation technicians is taken into account

System background is below the MDL

MDLs are calculated for all analytes

* |f no other requirements are specified by the published method.
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CHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records Yes | No Comments

Quialitative capability isidentified for each analyte

Method validation records are maintained and include the following items:

® Name and/or number of the analytical method

® Name of analyst

® Thetype of test

® Date and time of analyses

® |nstrument identification number

® Number of replicates analyzed

® Concentrations of the standards used

® A description of any standard preparation steps (preparation date, name of the
analyst who prepared the standard, and the reagents used)

® Source of the standard material and preparation date

® All calculations and supporting data

Calculated error is expressed in the same units as the reported data

Corrective action is documented and resulting performance is reported where method
performance is outside acceptable ranges

2.3.1 Method Precision and Bias

Method precision and bias measurements are conducted as specified by the published
method

or
Precision and bias measurements follow the standard operating procedures developed by
the laboratory*

Method precision and bias are determined for all analytes measured

Method precision and bias are determined at the correct frequency

Method precision and bias control limits are met for all analytes measured

Precision records are maintained for each instrument and include the following items:

® Name and/or number of the method

® Name of analyst

® Date and time of analyses

® The number of replicates analyzed

® All calculations and supporting data

A minimum of 10% of routine samples are spiked and analyzed (unless the method
specifies a different percentage)

Spiked sample records are maintained and include the following items:

® Name and/or number of the method

® Name of the analyst

® Date and time of analyses

® Spike amounts added to samples

* Where no requirements are specified by the published method H-16



CHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records Yes | No Comments

® Concentration of the check standard used

® Source of the standard material

® A description of any standard preparation steps (preparation date, name of the
analyst who prepared the standard, and reagents used)

® All calculations and supporting data

Quiality Control charts (% recovery vstime) are maintained or QC limits calculated

Corrective action is documented and re-analysis results are reported where precision and
bias limits fall outside acceptable ranges

2.3.2 Method Detection Limits

Method detection limits (MDLs) are measured for all analytical methods

Each analyst measures their own detection limit for each analytical method and
instrument used in the procedure

MDLs are determined by the procedure described in 40 CFR Part 136
Appendix B

MDL records are maintained and include the following items:

® Name and/or number of the method

® Date of sampling and date of analyses

® |dentification of the analyst

® The MDL achieved and the method's published MDL (in appropriate units)

® Anaytelevel spiked or in the sample

® Number of replicates analyzed

® A description of any allowable variations used in the method

® A description of the type of water in which the MDL is measured

® A description of the procedure used to determine the MDL (iterative process used?)
and a description of the process used to estimate the MDL

® Analyte recovery values of reference materials or spiked samples

® All raw data and calculations necessary to reconstruct MDL determination

2.4 |Initia Instrument Calibration

Initia calibration is conducted as specified by the published method

or
Three or more concentrations should be analyzed. The lowest calibration standard
measured should be near the reporting level, and the remaining concentrations bracket
analyte levels*

Instruments are calibrated for all analytes measured

Standard calibration materials are from a different source than the QC standards

Analytes are measured at concentrations covering the sample concentration range

Instruments are calibrated at the correct frequency as specified by the method
and/or the instrument manufacturer's recommendations

* Where no requirements are specified by the published method H-17



CHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records Yes | No Comments

Cadlibration records are maintained for each instrument and include the following items:

® Name and/or number of the analytical method

® Date and time of calibration measurements

® Name of the analyst

® Concentrations of the standards used

® A description of any standard preparation steps (preparation date, the name of the
analyst who prepared the standard, and reagents used)

® Source of the standard material

® | abeled graph of the calibration curve

® A description of any statistical procedures used to establish the curve

® All calculations and supporting data

Instrument sensitivity (calibration curve slope) is documented

Continuing Instrument Calibration

Calibration check standards are routinely measured as specified by the published method
or

One or more check standards chosen to bracket analyte concentrations are measured

each working day, and a mid-point calibration standard is measured after each batch*

Instrument response is checked for al analytes measured at the required
frequency

Analytes are measured at concentrations appropriate for the sample concentration
range

Calibration check standards are analyzed at the correct frequency as specified by
the method or the Manual for Certification of Laboratories Analyzing Drinking
Water

Calibration curves are verified for all analytes measured

Routine calibration records are maintained for each instrument and include the following
items:

® Name and/or number of the analytical method

® Date and time of check standard measurements

® Name of the analyst

® Concentration of check standards used

Source of standard materials

® A description of any standard preparation steps

® All calculations and supporting data

Calibration procedures are consistent with those specified in the methods and are
followed by laboratory analysts

Corrective action (recalibration) is documented and re-analysis results are recorded
where check standard results do not meet method criteria

Written guidelines for recalibration and re-analysis are available*

* Where no requirements are specified by the published method H-18



CHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records Yes | No Comments

2.5 Routine performance checks

Quiality control (QC) or referenced materials are analyzed quarterly or as specified by
the published method

LFBs are analyzed for all analytes measured at the required concentration

LFBs are analyzed at the correct frequency

Method bias (% recovery) criteriais met for al analytes measured

QC or reference check samples are routinely analyzed for each method, analyst, and
instrument

Performance check records are maintained and include the following items:

® Name and/or number of the analytical method

® Name of the analyst

® Thetype of test

® Date of analysis

® Concentration of the standard used

® A description of any standard preparation steps (preparation date, the name of the
analyst who prepared the standard, and reagents used)

® Source of the standard material

® Method precision and bias

® QC sampleresults

® PE sample results

® Matrix spike results

® All calculations and supporting data

2.5.1 Laboratory Performance Evaluation

The laboratory analyzes, at least annually, water supply performance evaluation samples
within EPA limits

Performance evaluation study records are maintained

Corrective action is documented where performance problems are indicated by the study
results

2.6 Instrument Maintenance

Instrument maintenance schedules from manufacturers are followed and maintenance
activities are documented

Repair activities are recorded for all instruments

* Where no requirements are specified by the published method H-19
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DRINKING WATER CERTIFICATION
DATA AUDIT

(Thedata audit information in thischecklist isalsoincluded in Chapter 5. Microbiology laboratoriesdo not havetorefer tothis
checklist. The Chapter 5 checklist superseeds this checklist which isincluded only for Appendix completeness.)

MICROBIOLOGY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records Yes | No Comments

Laboratory Equipment, Supplies, and Materials

pH Meter

Commercial buffer solutions are dated when received and discarded before expiration
date

pH meter is standardized each use period with pH 7.0 and eithr 4.0 buffers or 10.0
buffer

pH buffer solutions not reused to calibrate pH meter

Balance

Balance is calibrated monthly using ASTM type 1 or 2 weights. If non-reference
weights are used, non-reference weights are calibrated using type 1 or 2 reference
weights

Correction data available with type 1 or 2 weights

Annual service contract or internal maintenance protocol and records maintained

Temperature Monitoring Device

Glass or electronic thermometers are checked annually and dial thermometers
checked quarterly at the temperature used against a reference NIST thermometer or
one meeting the requirements of NIST Monograph SP 250-23

Continuous recording devices used to monitor incubator temperature are recalibrated
annually against a NIST thermometer or one meeting the requirements of NIST
Monograph SP 250-23

Incubator

Temperature is recorded twice daily for days in use, with reading separated by aleast
four hours

Autoclaves

Date, contents, sterilization time, and temperature are recorded for each cycle

Service contract or maintenance protocol is established

Heat sensitive tape, spore strips or ampules, or maximum temperature registering
thermometer are used during each autoclave cycle

Automatic timing mechanism is checked for accuracy with a stop watch

Hot air ovens

Date, sterilization time, and temperature are recorded for each cycle

Conductivity meter

Conductivity meter is calibrated monthly with a0.01 M KCI solution or lower
concentration
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MICROBIOLOGY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records

Refrigerator

Yes | No Comments

Temperature is recorded for days in use

Membrane filters and pads

Lot numbers of membrane filters and the date received are recorded

Sterility is determined of each lot of membrane filters by placing one membrane filter
in non-selective broth medium

Ultraviolet lamp

Lamp used for sanitization is tested every quarter

General Laboratory Practices

Sample containers

Sterility of each lot of sample bottles or pre sterilized sample bags is determined by
adding non-selective broth, incubating at 35°C for 24 hours and checking for growth

Reagent water

Reagent water is tested to assure the minimum requirements are met (see the Manual
for the Certification of Laboratories Analyzing Drinking Water, Chapter V, section
4.3.2, for parameter values and test frequencies)

Dilution/rinse water

pH of stock phosphate buffer solutionis 7.2 £0.2

pH of peptone water is 6.8 £0.2

Dilution water is checked for sterility

Glassware washing

Inhibitory residue test is performed on clean glassware

Analytical media

Media preparation records include:

- Date of preparation

- Type of medium

- Lot number

- Sterilization time and temperature

- Final pH

- Technician'sinitials
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MICROBIOLOGY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records

For liquid media prepared commercialy, the following are recorded:

Yes | No Comments

- Datereceived

- Type of medium

- Lot number

- pH verification

Each commercial lot of medium and each batch of laboratory prepared medium is checked
before use with positive and negative culture controls, and results recorded

EC medium + MUG (for E. coli)

Each lot of commercially prepared medium, or batch of Iaboratory-prepared medium,
is checked with positive and negative culture controls, and results recorded

Nutrient Agar Medium + MUG (for E. coli)

Quiality of medium lot/batch is evaluated by spot-inoculating control bacteria

Performance evaluation sample is satisfactorily analyzed annualy (if available)

Analytical Methodol ogy

A coliform test is conducted quarterly on known coliform-positive and fecal- or E. coli-
positive sample

Duplicate analyses are performed on 5% of samples’

Membrane filter technique (for total coliform in drinking water)

Sterility check is conducted on each funnel in use at the beginning and end of each
filtration series. If control indicates contamination, all datais rejected and another
sample obtained

EC Medium + MUG Test (for E. coli)

At least 5% of both MUG-positive results and turbid MUG-negative results are
verified for E. coli by the use of a multi-test system (API 20E or equivalent); standard
biochemical tests (e.g., citrate, indole, and urease tests); serotyping after biochemical
identification; or the indole test at 44.5°C and growth in citrate

2 Standard Methods for the Examination of Water and Wastewater, 18th Ed., 9020
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MICROBIOLOGY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records

Yes

No

Comments

MF procedure (for total coliform in source water)

Sterility check is conducted on each funnel in use at the beginning and end of each
filtration series. If control indicates contamination, all datais rejected and another
sample obtained

If two or more analysts are available, each counts the total coliform colonies on same
membrane at least monthly. Colony counts agree within 10%

Multiple tube fermentation technique (for total coliform in source water)

Completed test is performed quarterly on coliform-positive tube(s)/bottles

Fecal coliform membrane filter procedure (for fecal coliform in source water)

Sterility check is conducted at beginning and end of each filtration series. If control
indicates contamination, data rejected and another sample obtained

If two or more analysts are available, each counts the total coliform colonies on same
membrane at least monthly. Colony counts agree within 10%

Date and start time are recorded for each analysis

H-24




DRINKING WATER CERTIFICATION

DATA AUDIT

RADIOCHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records
Analytical Methods

Yes | No Comments

Analytical procedures are listed and referenced in the laboratory's Quality Assurance (QA)
plan for all analytes measured and this listing accurately reflects the analytical methods
employed by the laboratory.

Only EPA-approved methods are used to measure radioactivity in drinking water

Published methods are followed exactly by the laboratory personnel

Written Standard Operating Procedures (SOPs) are consistent with the approved methods
and are followed by the laboratory personnel

Initial Demonstration of Capability

Initial Instrument Calibration

Initia instrument calibration is conducted as specified by the published method

or
A background sample and one or more standard materials are analyzed at a minimum of 3
different concentrations.

All radionuclides are calibrated against standards traceable to NIST

Standards are measured at concentrations covering the sample concentration range

Instruments are calibrated at the correct frequency as specified by the method and/or
the instrument manufacturer's recommendations

Calibration standards are reported with the analytical results®

The following items are recorded for the standard material used for each radionuclide
analyzed*:

A description of the solution (i.e., the principal radionuclide, mass or volume, and
chemical composition)

The reference time and date

The measurement result (activity of the principal and possible daughter
radionuclides/liter of solution)

The measurement method

8 Standard Methods for the Examination of Water and Wastewater, 16th Ed., 1985

* Handbook for Analytical Quality Control in Radioanalytical Laboratories, EPA/600/7-

77/088, pg. 4-2

H-25




RADIOCHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records Yes | No Comments

A statement of purity (alist of known impurities, their activities, and how they are
measured)

Decay information

An estimate of errors (from the measurement themselves and those created by the
decay assumption)

Calibration records are maintained for each instrument and include the following items:

® The name and/or number of the analytical method

® Name of the analyst

® Date and time of analyses

® Source of the standard material

® A description of any standard preparation steps (preparation date, name of the analyst
who prepared the standard, and reagents used)

® Counting times

® Concentrations of the standards used

® A labeled graph of the calibration curve

® A description of any statistical procedures used to establish the curve

All calculations and supporting data

Continuing Instrument Calibration

A background sample and counting check sample are measured every 20 samples or daily if
less than 20 samples are analyzed each day®

Radionuclides are calibrated against a standard traceable to NIST

Standards are measured at a concentration in the sample concentration range

Counting standards are analyzed at the correct frequency as specified by the method
or the Manual for the Certification of Laboratories Analyzing Drinking Water

Calibration curves are verified for al radionuclides measured

Check standard records are maintained and include the following items:

® The name and/or number of the analytical method

® Name of the analyst

® Date and time of analyses

®> Manual for the Certification of Laboratories Analyzing Drinking Water, Chapter VI, section
7.6.2
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RADIOCHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records Yes | No Comments

® Source of the standard material

® A description of any standard preparation steps (preparation date, name of the analyst
who prepared the standard, and reagents used)

® Concentration of the counting standard used

® Counting times

® All calculations and supporting data

Precision and Bias

A minimum of 10 % duplicate samples are analyzed®

Method precision control limits are met for all radionuclides measured

Precision is determined at the correct frequency

Precision records are maintained and include the following items:

® Name and/or number of the method

® Name of the analyst

® Date and time of analyses

® The counter instrument used

® All calculations and supporting data

Spiked samples are measured regularly’

Standard materials traceable to NIST are used to spike samples

Method bias is determined for all radionuclides measured

Method bias control limits are met for all radionuclides measured

Spiked sample records are maintained and include the following items:

® Name and/or number of the method

® Name of the analyst

The date and time of analyses

® The source of the standards used

® A description of any standard preparations steps

® Manual for the Certification of Laboratories Analyzing Drinking Water, Chapter V1, section
7.6.1

" Handbook for Analytical Quality Control in Radioanalytical Laboratories, EPA/600/7-
77/088, pg. 4-11
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RADIOCHEMISTRY LABORATORY ANALYSISREVIEW CHECKLIST

L aboratory Records Yes | No Comments

® Spike amounts added to the samples

® All calculations and supporting data

Instrument Performance

L aboratory monitors and documents instrument performance characteristics regularly, in
accordance with the method specifications and the equipment manufacturer's
recommendations

Instrument performance records are maintained and include the following items:

® |nitial and routine instrument calibration

® Analytical results from field and laboratory blanks

® Precision and bias

® Results of inter comparison cross check studies and performance evaluation studies

® Analytical results from background samples

Detection Limits®

The detector meets the minimum detectable activity requirements cited in 40 CFR 141.25

Counting times are listed for each method, instrument, and radionuclide measured. (Sample
volumes should be documented for the corresponding counting time)

Laboratory Performance Evaluation

The laboratory analyzes, at least annually, water supply performance evaluation samples
within EPA limits

Performance evaluation records are maintained

The laboratory analyzes, at least semi-annually, EPA inter comparison cross check samples
within EPA limits’

Inter comparison cross check records are maintained

Corrective action is documented where performance problems are indicated by the PE study
or inter comparison cross check study results

Instrument Maintenance

Instrument maintenance schedules from manufacturers are followed and maintenance records
on al radiation instruments and analytical balances are maintained in a permanently bound
record™®

Repair activities are recorded for all instruments

8 Standard Methods for the Examination of Water and Wastewater, 16th Ed., 1985

°® Manual for the Certification of Laboratories Analyzing Drinking Water, Chapter VI, Section
7.2

10 Manual for the Certification of Laboratories Analyzing Drinking Water, Chapter VI,
Section 7.5
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DRINKING WATER CERTIFICATION
DATA AUDIT

DATA HANDLING AND REPORTING CHECKLIST

L aboratory Records
Calculations

Yes | No

Comments

Written procedures for all calculations are available for review

Representative calculations are available and indicate that routine calculations are
consistent with the written procedures

All raw data and supporting information needed to recreate calculations are available
for review

All calculations are cross-checked by a second analyst

All data and calculations are certified by two analysts by signature with date in ink

QA plan includes SOP for preventing data errors

Sample and PE calculations verified by the auditor

Significant Figures

Significant figure conventions are followed

The appropriate number of significant figures are carried out through all recorded data
and calculations

The least precise step isidentified in the calculations and the number of significant
figures is an accurate reflection of the actual tolerances of the instrument or equipment
used in this step.

Greater-Than and Less-Than Values

Analyte concentrations with greater-than values are quantitatively diluted and
reanalyzed when possible

L ess-than values are reported as "less than" (<) followed by the concentration of the
lowest standard used in the calibration curve or the MDL

For microbiological contaminants not detected, fecal coliform and E. Coli are reported
as absent and Heterotrophic Plate Count (HPC) as < 1 per unit volume

For microbiological contaminants, greater than values for HPC are reported as "too
numerous to count” (TNTC)

Blank Corrections

Blank results are recorded with all other data and meet method specifications

Blank measurements exceeding allowable analyte levels are reported and the affected
data are flagged

Data are never corrected for blank measurements unless specifically stated in the
analytical method utilized

Corrective action is documented to isolate and eliminate sources of contamination
where blank analyses indicate a consistent and significant problem
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DATA HANDLING AND REPORTING CHECKLIST

L aboratory Records Yes | No Comments

Data Security and Back-Up

A secure data system is maintained with limited access

Procedures are in place to prevent unauthorized access

Procedures are in place to protect the integrity of the data

A log is maintained for laboratory file entries and retrievals

Computer software is documented and adeguate for use

Original copies of analytical data and calculations (showing all corrections or changes)
are maintained on file and copies are tracked

Electronically stored data are supported with back up files
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